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(the point of view and goal of this study)
The economy and energy of· Taiwan, R.O.C. were
influenced by the worldwide economic recession and the search
for substitute energy. The people of the country have realized
that they must undertake a long struggle to lift the country to
the level of developed countries. We should take good advantage
of energy and keep on developing to bolster the country's
economy. During development, it is easy to neglect the environ-
mental problems. We would be regretful in the future if we
don't immediately. take up the necessary pollution control
strategy to minimize the environmental damage to maintain the
assimilating capacity.
The economic growth of Japan after the War has
astonished the rest of the world. But her people continually
berated the social benefit system. The cases of minamata
disease, Itai-itai disease and Yokaichi city case brought about
the attention of the people for there were so many injuries. '
The whole country then devoted expensive manpower and invest-
ment to fight for the environmental protection. After that,
the problems were minimized. As for our situation of develop-
ment and environment, they are far too analogous to that of
Japan. For the time being, no matter how much is achieved in
economic affairs, if some public disease should occur, do we
have enough manpower and materials to fight it? This is the
most serious implicit problem today.
This article will try to introduce the "assimilating
capacity" concept which the leading countries such as Japan
utilize day by day, and apply it to the develoving country
such as our country. We will try to find the best way to
.control pollution by air pollution study and by smoke flow
spreading research.
(the structure of this study)
( i )
The author divides this study into two parts, the first
part, including chapter 1 to Chapter 5, accumulates the
technical base line data and the study of pollution phenomena
in Taiwan. These results can provide the second part, from
Chapter 6 to Chapter 7, with the data develop air pollution
control strategies for maintaining assimilating capacity.
Summaries of each chapter are as following:
In Chapter 1, the author reviews the present status of
pollution in Taiwan, refers to the leading countries with
their trend in pollution issues and tries to settle the
allowable capacity of industrial pollution for the inhabi-
tants of industrial urban areas of the developing countries.
In this Chapter I review also the present status of setting
up a nation-wide air monitoring system for information, r~nk­
ing of location, or some other purposes.
In Chapter 2, according to the climate records and
other meteorological info~mation in recent years, I analyze
meteorolgical phenomena which govern the air pollution level
of southern and northern Taiwan.
In Chapter 3, although the Analytic conclusion has
already been made to go with the foregoing study of Kaohsiung
area from 1975 to 1979 by the author, a comparison in made of
the analogically simulant prediction re~ults with the experi-
mental results of tracer gas dispersion research at the same
area also taken in 1981, in the hope it will lielp better
understanding of that area.
in Chapter 4, I establish the predictive simulation
of air pollu~ion of that area with using the experimental
results after modifying traditional methods ,such as Pasquill-
Gifford chart and so on.
(ii)
In Chapters 5 , I state the experimental
studies for air pollution dispersion in northern Taiwan,
such as Taipei area, to compare with pollution characteristics
of the southern area.
Finally, in Chapter 6 and 7 I summarize the results
above to set up an allowable assimilation capacity model
of the Kaohsiung area, and suggest that the conclusions and
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ACCUMULATING THE TECHNICAL BASE LINE DATA
AND THE STUDY OF POLLUTION PHENOMENA
CHAPTER 1 PRESENT STATUS OF AIR POLLUTION
IN TAIWAN
1-1 The assimilating capacity of industrial cities in
Taiwan area of the Republic of China
Taiwan is located within 119 to 122 degrees east
longitude and 21 to 25 degrees north latitude. To the
east and, the south are the Pacific Ocean and the
Philippines respectively. The island is separated by
the Stra~t of Taiwan from the China mainland and is only
300 miles south-west of Okinawa.
The island is 377 Km long and about 142 Km wide.
The total area measures 35,966 square kilometers in which
two third belongs to the mountainous areas in the east.
The western part of the island is an open area of
rich plains with very dense population (Fig. 1-1).
Taiwan belongs partly to sub-tropical and partly
to tropical wheather with very warm temperature (an annual
average temperature of 22 degrees centigrade) and high
humi~ty which provide the island with abundent agricul-
tural products. Natural resources are estimated as 226
mi1liontons in soft coal, 30 billion cubic meters in
natural gas and 241 million cubic meters in forest
production respectiv1y.
Economic development in Taiwan area' has been so
rapid and sustained during the past two decades (presently,
rhere are about 50,000 re~istered factories on Taiwan)
that it has become one of the most prosperous countries of
the Far East. rhis unprecedented growth has brought with
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Fig~ "l-lThe map of Taiwan, R.O.C.
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the adverse effect of environmental pollution as a consequ-
ence of an increased population (currently, at a density of
486 persons per sq. km., the highest population density in
the world), increased numbers of motor vehicles and burgeon-
ing industrial complex with its myriad of noxious gases,
particulate and liquid effluents known to be hazardous to
human health. (1)
During the past two decades, there has been a
steady increase in various chronic diseases, many of which
have been linked with an increasingly fouled environment,
notable among these are cancer, bronchial asthma and
emphysema. (2)
In Fig. 1-2, the consumption of energy of Taiwan,
R.O.C., has increased yearly and the environmental quality
has decreased at the same time. There is some result from
the "air pollution control act" which was announced by
the President on May 23, 1975. But the env.ironmenta1 problems
get more serious for the consumption of energy had reached-
an astonishing degree and the population of cities increasing
day by day go with the other factors. (3)
In general, according to the Dec. 1, 1975 standard
for environment air quality of the Taiwan- area ·of R.9.C.. , it was
specified that the pollution level of suspended particulates,
sulfur oxides, nitrogen oxides, carbon monoxide and malodor~us
( 0 f fen s i ve 0 d 0 r) s h 0 u1d be limited below the aIlowed.:stancblrd- to
.
maintain the envronment in a safe, healthy and confortable-
manner.(4)In our country, environmental protection i~ at a
beginning -stage. We are eager to establish a compl~te
national system. Also, for environmental pro~ection, we
should work to prevent artificial pollution from seeping-
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Figure 1-2 The re1atio~ between the energy consumption and the
average suspended particles content.
social and economic affairs. The boundry includes human
beings, animals, plants, soils and waters. We may set the
"
maximum permissible quantity of pollutants, as the "assi-
milating capacity of the environment". This is a concept
which has been taken by the leading countries of the world.
The author will make further reference to this concept in
later chapters.
Environmental assimilating capacity includes the
following: the purification ability and boundry of nature,
the degree ~f threat to mankind or animals plants and the
threat of people's comfort. Generally speaking we cannot
settle all the assimilating capacity under present technology.
So we can only work on the serious items such as dustfalls,
s'ulfur oxides and the ni trogen oxides. (5)
Environmental protection would be difficult ·if the
total. pollutants emission in an area is more than the
purifying ability of nature. This is especially true' for
islands. Interior bay areas e.g. the littoral industrial
parks in Taiwan, have the highest degree of danger.
In terms of "source emission concentration", the basic
legal ideal is that we should be able to curb the majority of
pollutors. But in practice, the control has not been satisfac-
tory for those countries which took this routeJ6) However, for
island-marine climates such as Taiwan's, alQng with the high
density of population and the high economic growth and develop-
ment, the most importan~ issues lying ahead are the balance
of "developing of economics" and "protection of environment".(7)
Table l~l shows the estimated value of air pollution for the
Taiwan Area. Table 1-2 shows the comparison of pollutants and
major emission source in 1978. (8)
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Table 1-1 Estimated value of air pollution emitted
from industry for the Taiwan Area. (197~)
Pollutants
sulphur nitrogen
particulatel oxides oxides HC CO
quantit) quanti t, ~uantity ~uantity ~uantity
Resources tons/year) % tons/year) % tons/year) % tons/year) % (tons/year) %
Thermal Generation of.
19IJ.X104 h. oV1n5 " Av1n
4
? ~v1n3 "It LLv1n3~1 :tv 29 7~ A ~ A 1 ~ '\
3 4 6 .. 59x10'3 2.23x104 69 5 6.66x103oetrolelJll treatment 2 '3x10 3.i1 4 ~7x10- t; 5 8 11 6
'3 4 '3 2 2 0.7Steel industry '3.4xlO 5.1 '3.05xl0 4.5 3.'33x1O 4 4.53x10 1.4 '3.87x10
3' 4 A n,\v1n3 9 IJ. .12x102 1-3 'i1.:'iv1n2 1Chemical industrY 2.7'3x10 4.1 6.64x10 99
Cement industry 4 41.E 5 9x102 0.08 9. 37xl02 1 1 0 3. 78xl04 65.62.78x10 0
'3 6.8 1.33xllJ4 1 9 3 24x10'3 '3 3 13.5oorcelain industry 4.55xl0 , 9 2x10 6.2 7.79x10
Woori inl"lustl'v A.09x103 6,1 1.7v1n' 0.2 71J.9v1n'3 3 1J..5X102 1.4 4.55xl02 0.8
'3 4
'3 :'23lt16 3.9 3 2other-s 2~28x10 3.4 2.24x10 3.3 3 78xl0 11.8 3.43xl0 0.6
Tnt-A 1 I.: .1.:'iv1n4 100 IkAAy1n5 1m A 71(104 100 3.. 2x104 4100 5.76xl0 100
Table 1-2 The comparison of pollutants and
major emission source in 1978
(Unit:metric tons/year)
~ Taipei Municipality Ka:>hsiung Area fPollutants Amounts X Automobile % Amounts X Industry , X
--
Sulfur oxid,~s 33.1 5 5 99.6465 0.57 155 3.6)(10 53.5 3.56)(10
Particlliates 460 30.4 . 4 7.6 4.0 )(10 4 79.61,513 1.84 5.1)(10
Nltrogl:n
Oxid'es 4 4 80.• 44,916 5.98 3,073 61.3 6.0)(10 9.0 4.a7)(10
~ydrocarbons 17,616 21.44 16 ..541 88.8 4 ·6.5 4 58.24.4~10 2.55)(10
-
Carbon
.5 4Monoxides 57,645 70.17 55,109 95.6 1.6x10 23.4 4.05x10 26
Total . 4 00 4 ~ x105 76.58.2)(10 7.5)(10 91.7 6.58x.10 100 5.1
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1-2 Air quality monitoring in Taiwan
In order to determine the severity of the pollu-
tion problem and to assess health-risk exposures to ambient
toxic control strategy to maintain assimilating capacity of
environment in future, it is first necessary to establish
an air quality monitoring system around the whole island.
Nowadays, most urban areas of Taiwan have only sporadic
particulate and dustfall monitors, no more than 110. Table
1-3 shows the record of total suspended particulated during
these recent years. But, a nationwide air monitoring
program is in effect. Parameters to be measured at each
recommended site included: S02, CO, NO/NOx, 03 THC, C02'
TSP, Dustfall, and meteorolgoical data, including wind
direction, wind 'speed, temperature and
humidity. Based on the preliminary analyses and known net-
work resource requirements, Table 1-4 indicates the recommended
areas for monitoring sites and the surveillance purposes of
each 10cation.{1l)In general, the monitoring data may also be
used for resource allocation, ranking of location, enforce-
ment of air quality stan~ards, air quality trend analysis,
public information and scientific research. First stage of
the National Air Monitoring Network(NAMN) will consist of an
Air Monitoring Center (AMC) and twenty remote monitoring
stations as shown in Fig. L-3.
AMC consists of a receiver component to handle date com-
munication in the network. Each remote station will have a
specific t~lephone number, and transmits the data over the
phone lines in serial form. A processing component can
process data from a receiver component and from external
source tapes simultaneously without interruption owing to
the control of real-time multi-processing operating system.
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Table 1-3 The mean value of total suspended particulates (Mg/Nm3) in Taiwan area (9,10)
976 1977 1978 1979 1980
- - . -,
60 139 121 141 155
33 250 292 284 284
84 187 185 228 249
58 162 I 180 166 180
65 195 164 182 164
60 207 247 219 227
75 214 227 243 206
08 218 278 282 231
97 176 174 167 191
80 177 185 223 25T
18 188 190 189 179
13 276 264 305 332
25 135 257 274 I 26856 191 208 208 224
75 200 136 132 157
81 135 153 186 185
97 168 158 171 174
171 I 136 126 128
110 148 141
180 183




1~ iregion 1970 1971 1972 1973 1974 1975 1;&
-- 1-.-
Taipei City 240 254 188 140 152 126 1
Taipei Hsien 230 272 281 280 283 272 2
Kee1ung City 229 216 247 221 199 236 1
I1an Hsien I - 268 223 200 207 211 1
Taoyuan Hsien
- 180 195 201 168 187 1
Hsinchu Hsien 220 207 201 211 168 188 I 1
Taichung City 194 214 234 210 216 213 I 1Changhwa hsien 234 251 246 251 224 246 I 2
Chai Hsien 269 256. 206 235 229 246 I 1
Tainan City' - 237 225 201 215 226 I ~Tainan Hsien - - 186 190 208 227
Kaohsiung City 314 335 307 ,281 268 262 2
Kaohsiung Hsien 260 217 241 280 306 2
Taichung Hsien 138 172 153 1
Miaoli Hsien 197 1
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*Mobile monitoring van can be used for temporary sampling at each
potential site to better determine existing air quality conditions for


















Fig. 1-3 Recommended configuration for the NAMN
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CHAPTER 2 C~ARACTERISTIC FEATURE OF THE METEOROLOGICAL
PHENOMENA RELATING TO THE AIR POLLUTION IN
TAIWAN
2-1 Meteorology in the sou~hern are~ of Taiwan
2-1-1 General meteorological conditions
The climate or the Kaohsiung area belongs to the
sub-tropical region. There are two seasons per year -- the
dry sea son and the wet sea son • Due tot hest ron g con t inen tal
air mass, the Northeast wind crosses Taiwan from October to
April. This period because of low'precipitation is called
the dry season. The period from May to September, because
of high precipitation is called the rainy season. During
May of each years, when the tropical ocean air mass develops,
the direction of the wind changes. During the period from
the middle part of May to the middle of June each year, the
cold front of the rainy season lingers in the northern part
of Taiwan. As the Kaohsiung area is located at the southern
edge of the cold front, showers occur frequently. During
the typhoon season, from July to September, 2-3 typhoons
visit the Kaohsiung area. (12)
During the rainy season (summer) there are
typhoons, thunder storms and ~howers which adversely effect
the visibility. However this period does not usually last
for very long. During the dry season (winter) the seasonal
northeast wind prevails in Taiwan. As Kaohsiung is located
on the north face of the Taiwan mountain range and is
exposed ~o the wind, downwashes can easily occur there.
Therefore, generally speaking, the visibility during the dry
season is slightly worse than during the rainy season. At
the same time there is a high occurance of heavy fog, 60%
of which occurs in December, January and February and always
12·
last for only a few days. 72% of the thunder storms occur
in July, August and September. The thunder storms re~u1t
in poor visibility and low cloud cover. However this'type
of weather does not last long and also helps to wash out
the pollution from the air •
Advanced discussion of the meteorological conditions will
be made in Chapter 3.
2-2 Characteristics of wind direction
During this season when the northeast wind prevails
and typhoons are common, it is generally impossible to
ascertain wind direction. However during the rainy season
(spring'and autumn) the wind system weakens and the daily
wind direction can be determined.
As a result, refer to Table 2-1 and Table 2-2, the
general considerations are as follows:
(1) Winter (December, January and February)
During the winter when the Taiwan area is under the
influence of the continental cold air mass, a northeast
wind (NNE-NNW) prevails (42.1%) in the Kaohsiung area.
When the northeast wind weakens during the day due to the
effect of the ocean wind, a west, northwest-west or
northwest wind prevails. The occurance of calm winds
is only 15.8%.
(2) Spring (March, April and May)
-During the spring, the air pressure system and th~
northeast wind ~eakens and the west wind becomes strongs.
Calm winds occur 18.8%, which is the highest percentage
d~~ing the entire year. From Mayan the south wirrd
system (SSE-SSW) grows strong gradually and the air
mass changes to a tropical air mass.
13
(3) Summer (June, July and August)
The predominate wind system during the summer is formed
by the troplcal ocean air mass. During this season the
south wind and west wind systems become strong. Because
of this the rate of the appearance of all wind directions
is more even.
(4) Autumn (September, October and November)
During autumn, the wind direction is the opposite of that
in spring. The south wind system weakens and is replaced
by the north wind system. Calm winds constitute 17.5%.
From Table 2-1-a we can understand in one year from May
to September, the seabreeze time is longer than other
months.
2-1-3 The characteristics of wind velocity
The variation of wind velocity daily in southern Taiwan
is ~egular. As a rule the wind velocity reaches its high
point around 2:00 PM, the average wind ~elocity is 5.3m/s.
The average wind velocity during the night decreases to 2.3
m/s. After 6:00 AM the wind velocity becomes stronger and
after 9:00 AM goes up drastically.
14
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Note: Define wind direction No.8-14 as seabreeze,
seabreeze i.e. total days in that month.
June 11 7 2 3
July 10 5 6 4 5
Aug. 9 9 8 8 7
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Table 2-1-b Annual wind direction freq. in southern Taiwan ( ,% )
.....
C!)
~. ,1 2 3 4 5 6 7 8 9 10 11 12 mean
Direction
C 15.2 16.3 15.7 20.3 20.5 15.5 12.2 10.6 13.7 18.7 20.2 16.0 16.2
N 13.7 11.3 9.2 5.4 4.1 3.9 ~.5 5.2 6.5 7.8 10.0 13.7 7.8NNE 15.8 12.9 9.7 6.0 4.3 3.8 3.9 5.4 6.0 8.2 13.0 15.4 8.5'
NE 3.8 3.9 3.8 3.1 3.7 4.5 5.1 4.7 4.7 4.7 5... 4 5.1 4.4
ENE 4.0 5.3 6.0 5.1 6.6 10.1 8.0 11.1 10.0 7.7 6.0 4.5 7.1
E 2.4 2.9 ' 3.0 2.7 3.3 4.9 4.9 5.1 5.2 4.1 2.6 2.1 3.6~
ESE 2.1 1.6 I 3.3 3.4 4.4 7.4 9.0 5.5 5.0 4.1 2'.8 1.5 4.1
SE 1.0 1.3 1 1.6 2.2 2.7 4.7 4.8 3.0 2.4 1.3 0.7 0.8 2.2
SSE 1.0 1.2 2.5 3.8 4.7 6.5 7.7 4. Q 3.1 1.2 0.7 0.5 3.2
S 0.7 0.9 1.6 2.4 3.1 4.6 4.3 3.2 2.3 0.8 0.5 0.7 2.1
SSW 0.3 0.5 1.1 1.7 3.0 5.0 4.1 2.9 2.7 0.8 0.2 0.2 2.0
SW 0.2 0.6 0.6 1.2 2.4 2.7 2.7 I 2.2 1.2 1.5 0.3 0.2 1.4
IWSW 0.4 0.,9 1.3 2.3 4.7 4.3 5.1 5.2 4.7 4.0 1.1 0.7 2.9
W 1.5 1.4 2.0 1.9 , 3.5 3.0 3.6 3.4 3.3 3.0 2.1 1.6 2.6,
WNW 5.5 5.5 5.7 7.2 6.1 4.8 5.9 6.0 6.6 7.5 5.5 4.3 5.9
NW 18'.6 20.4 19.5 17.4 13.6 6.7 7.6 10.4 10.2 11.1 13.1 14.6 13.5
NNW 13.7 13'.3 13.2 13.5 9.1 7.5 6.9- 10.7 11. 9 13.1 15.6 17.0 12.1
--'-----.
-
Table 2-2 Varie~of wind direction frequency in southern Taiwan (%)
NNE- WNW- SSW- ENE-
NNW WSW SSE ESE
winter 42.1 7.3 2.0 8.9
spring 24.8 11.6 8.0 12.6
summer 17.0 13.7 14.4 22.0
autumn 30.7 12 •. 9 4.1 15.7
Table 2-3 Variety of wind velocity frequency in souther~
Taiwan ( .% )




There are two high ~0int5 and two lo~ poin:s in
[he annual wind velocity chcnges. In January when the
strongest cold weather occurs, the highest wind velocity is
3.5 m/s. In May which is between spring and autumn. the
average wind velocity is 3.0 mIs, the lowest during the
entire year. During this period typhoons occur very often,
causing the second high point of average wind velocity,
5.3 mls bo appear. In October tpe second low point (average
wind of 2.9 m/s) which is similiar to that of May aJ,pears.
Table 2-3 shows the variation of wind volocity frequency in
average. (use date of Central Weather Bureau in 1970)
2-1-4 Characteristics of ~ea-Iand wind
In southern Taiwan, in addition to the typhoons
in the summer and the northeast trade wind in the winter,
the sea-land breeze appears daily. Here I will analyze
and compare the sea-land wind in the summer and winter.
For convenience sake, l400L will represent the observation
data used for the sea wind and 0500L for the. land wind.
(1) Summer land wind: In the summer, under the influence of
the tropical ocean air mass and the equatorial ocean
air mass, the sea and land breeze are very evident in
Taiwan. In the Kaohsiung region in the morning, the
0500L is usually calm or there is a light wind. Over
65% of the time it is calm and 15% of the time the
,
velocity is 3 mls or more. The land wind direction is
usually northeast, north'east-east or east (14%).
(2) Summer sea wind: In summer because of solar radiation,
the temperature increases and the air pressure ·on the
surface of the land becomes thin. From the beginning
of the 0830L, the air ~ov~s from the sea to the land
forming the sea wind, 43% of which are southeast or
18
west winds with a velocity of 8 mls or less. The sea
wind velocity of 8 mls at 1400L is the strongest. When
reaching the high point of 8 mls at 1400L the ocrurance
of calm winds is only 4%.
,3, Winter land wind: Durlng winter in the Taiwan area,
under the influence of the continent~l air mass, the
northeast wind prevails. In southern Taiwan. due to
the influence of the Taiwan mountain range, the
northeast wind changes into a north wind. The dverage
velocity of 4 mls is quite high. However during the
night. the volocity of the north wind becomes as weak
as the velocity during the day. Therefore it is im-
possible to see the land wind in the ~aohsiung region
during the winter 42% of the time the north wind prevails
and 19% of the time the NNE wind prevails.
(4) Winter sea wind: When the cold front comes it is cloudy
in the southern Taiwan region. However due to the"
prevailing north wind, the velocity is also high. WheQ
the north wind weakens and the sunlight is strong the
sea wind is formed. It begins rather late around 10:00
AM. The sea wind in Taiwan, the southern part, is for
the most part a west ~ind. Under the influence of the
north wind~ the direction and volume of the two change
into a northwest NNW wind. This occurs 43% of the
time. If the north wind dies down, the sea wind will
rise as a northwest, west or southern wind, 39% of the
time. During this season, the rate of the appearance of
calm winds is the lowest, only 3% with a velocity below
8 mise
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2-1-5 Atmospheric stability in southern Taiwan
The atmospheric stability in southern is ana1ized
and shown in Table 2-4 according to weather information in
1980. B,C and D class prevail always during daytime through
whole year. (13)
Table 2-4 The probability of the atmospheric stability
in Kaohsiung aLea (1980)
P-G CLASS A B C D E F
Spring 2.30 16.92 22.60 20.28 7.14 30.76
Summer 2.75 15.76 20.50 25.11 4.93 30.94
Autumn 3.10 15.96 23.49 12.45 6.26 38.74
Winter 1.84 10.44 25.99 17.56 11.01 33.16
2.50 14.78
.
Average 23.14 18.87 7.33 33.38
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2-, Meteorology in the northern area of Taiwan
2-2-1 General meteorological conditions
Due to the weak surface mean circulatio~, low
velocity and uncertain wind direction in April, the potential
\
air pollution ffiay be high. In this arid month the mean
temperature difference in the coastal area, terrace region
and inland area of Taoyuan is not high and decreases gradually
as 0ne moves from the sea to the land, indicating a strong
effect. However, the absolute maximum te~perature appears &5
the opposite, dec~easing from the Lungton seashore to the
Taoyuan seashore. This temperature degree, when the air
pollution disperses from the seashore toward the inland causes
the sea wind to be quite important. When the maximum
temperature appears, the prevailing wind is usually light.
The absolute temperature distribution in July is simi1iar to
that in April: it is lo~er at the seashore than at the inland
area. However the difference is not as high as that in April.
The rain can remove the pollutants suspended in the air.
Around the Taoyuan seashore area, rainy days with a minimum
value of percipitation appear in July. The mean weak surface
circulation in July is lower than only that in April. There-
fore, there is potential air pollution in July. The primary
conclusion provided by the foregoing analysis of the climate
in the Taoyuan seashore area indicates that there is potential
air pollution mainly in spring followed by the summer. Winter
is the season with the least pollution.
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2-2-2 Characteristics of wind direction and velocity
(1) Winter: The northeast wind prevails in northern Taiwan
(70%). However. when the high air pressure leaves for
the sea> the southeast wind prevails .(20%). Before the
cold front passes a southwest wind prevails and after
the front passes a northwest wind prevails (10%)
(2) Spring: The continental air mass begins to weaken but
the subtropical high air pressure does not completely
form. Therefore, under the alternating influence of the
northeast, southwest and sea and land winds, the general
wind system weakens in northern Taiwan.
(3) Summer: Under the influence of the Pacific sub-tropical
high air pressure, the southwest or southeast wind
prevails (the southwest wind plays the major role) and
when the large scale velocity weakens the sea-land wind
becomes evident.
(4) Autumn: The variation of the wind direction is the
opposite of that is spring and the north wind gradually
takes the place of the south wind.
Table 2-5 shows the variety of wind velocity frequency
in northern Taiwan (%) of 1980.
Table 2-5 Variety of wind velocity frequency in













2-2-3 Atmospheric stability and dispersion ability-in
northern Taiwan
According to Table 2-6, the probability of D. E and
F during the whole year is very high in northern Taiwan.
During spring, autumn and winter in the Taoyuan region, the
northeast and northeast-east winds play the most important role,
with a probability of 45%.
In summer the west wind and the southwest wind
prevail with a .probability of 20%. According to the joint
frequency functions there is no evident difference. Therefore
we arrive at the Iollowing conlusions:
(1) In the Taoyuan region the dispers~on of the three stability
types D,E and F are frequent. C~nsequently serious pollu-
tion is not easily caused by the high stacks.
(2) In the Taoyuan region the frequency of the thre~ types
of stability A, Band C and a weak wind velocity is about
20%. Consequently there is a potential for serious
pollution over short periods of time. This condition
depends on the industrial development in the Taoyuan
region. If the medium and small stacks are highly con-
centrated in the industrial zone, there will be serious
pollution in the future.
(3) From late autumn to earily spring (October to March the
following year), in the '~aoyuan region, the northeast and
northeast-east winds with a stable veJocity and direction
prevail. The most frequent ~lass ~s D with, a velocity of
6-7 m/s. It is also the most stable. It is easy for this
condition to cause high wind fu ligation from the high
smoke stacks. That is to say, because the diiection of
the rising smoke is fixed, the change of ground ,contact
points is small which then p'rcdllces accullulated pollution
over a long period of time.
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Table 2-6 Stability and wind direction probability in northern
Taiwan throughout the year 1978-1980, Taoyuan
spring summer Autumn winter
wind .I
direction A,B,e D,E,F A,B,e D,E,F A,B,e D,E,F A,B,e D,E,F
1 0.87 0.91 1.58 0.71 0.28 0.25 0.58 0.71
2 , 0.46 0.78 1.09 0.75 0.63 1.38 0.48 0.94i
i
3 : 0.72 1.11 0.67 0.64 0.80 1.64 0.70 1.60
4 ~ 3.99 9.28 2.55 3.29 5.03 17.48 3-.72 13.15
,
,
5 i 6.72* 20.81* 2.88 7.83 5.28* 24.21* 5.86~ 22.25*
..
l 6 4.06 12.79 4.42 9.78* 4.88 14.65 4.05 14.91
7 0.87 2.26 1.67 2.73 0.94 1.60 0.78 2.27
8 1.39 3.90 4.29* 10.78* 1.53 3.81 1.35 4.19
I ,
9 0.85 2.49 2.11 5.25 0.90 2.04 0.61 2.06
10 0.72 1.55 1.14 2.60 0.63 0.91 0.53 1.80
11 , 0~85 1.77 1.55 2.35 0.67 1.24 0.70 '2.21
12 1.30 1.89 ,2.64 3,,20 0.52 1.40 0.73 2.04
.- .
13 1~27 2.21 3.40 3.46 0.62 0.93 0.62 1.41
I
14 2.80 2.80 5.30 3.10 1.02 1.14 1.86 ~.15
15 2.85 2.14 3.11 1.08 1.48 0.77 1.80 1.47
.. " . .--
16 2.12 1.47 2.99 1.06 0.92 0.42 1.50 0.97
T(1fAL 31.84% 68.16% 41.39% 58.61%. 26.13% 73.87% 25.87% 74.13%
...........---- ...............-------
Note: Spring----March, April and May
Summer--- June, July and August.
Autumn----September, October, and November.
-Winter---'December;January and February,
* Prevailing wind directions
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2-3 Comparison of diffusivity between northern and
southern area of Taiwan
The probability of the atmospheric stabi1itv is
usually considered as one of the best indices to indicate
the potential of pollutant diffusivity. According to weather
information in 1976, Lu, eta1. (1977) compared that in every·
regions over Taiwan area as shown in Table 2-7.
Table 2-7 Tne ~robabi1ity of the atmosphe~ic stability in
every regions over Taiwan area (1976)
~. A· B C D E F
Region
Kipagsan 2 24 8 18 9 23 69 19 4 9 7 7
"
Taipei ~ 5 4 19 10. 20 20 23 17 9 9 24 40
.-
Q!
Singchu 0 3 54 15 10 8 9 52 7 4 6 18 .14z:
Wuchi 1 2 2 1 5 4 78 35 6 45 8 13
Chaii 10 4 28 8 21 17 18 18 6 11 17 ·42
Tainan 6 27 12 15 7 12 51 9 5 5 19 32
Kaohsiung 1 2 24 3 26 10 20 22 8 21 21 42
:r




5 15 11 21 4 6219 22 3 13 15 10
Hunchun 4 67 16 10 11 6 42 4 5 2 22 11
Note Left side- P-G classification
Right side-stoner classification
In this table, the probability of unstable categories,
Band C, of the southern area (such as Kaohsiung and Chaii)
is higher than that of the northern area (such as Taipei and
Singchu). We compare some places in southern Japan as shown
in Table 2-8, and find that the unstable categories of north-
I
ern Taiwan are higher than that of southern 'Japan.
Table 2-8 The comparison of probability of the atmospheric
stability in southern, northern 'Taiwan and
southern Japan ( a), 1976
~- ----P-Gtabi1ity A B C D E F
Region
Kaohsiung 1 24 26 20 8 21
~ Chaii 10 28 21 18 6 17
'I
';\





Akabi 0.7 10.0 5.9 58.4 2.7 22.4
Takasago 2.2 12.0 4.4 55.1 2.7 23.8 .
Aioi 0.5 i .12.1 7.5 5-4.9 0.8 24.2
Akou 0.5 9.9 6.1 57.8 5.3 20.4
Himezi 1.3 12.7 4.6 54.3' 1.8 25.4
-
Tazuno 2.1 10.8 5.0 5.8 5.3 18.8
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We know that solar insolation and some other
meteorology elements are quite different· between northern
and southern Taiwan,' or between Japan and Taiwan.
These are said to effect the diffusivity of pollutants.
The following chapters will try to find some specific
characteristics of diffusion in Taiwan.
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CHAPTER 3 EXPERIMENTAL STUDIES OF DIFFUSION OF
AIR POLLUTANTS FROM STACKS AT KAOHSIUNG
AREA
3-1 The SF6 tracer experiment at the littoral industrialized
area of Kaoh..<siung
3-1-1 Introduction
During these years a MESO Scale meteorology has been
discussed relating to the characteristics of air pollution in
Kaohsiung area, in the hope that it may be applicable to the
optimum control planning of the environmental assimilating
capacity in that area. However, the main pollution; sources
in that area are apt to be effected by nature en~ironment
because of its special terrain and sea-breeze. Thus, it may
impair its dispersion and removal ability in partial environment,
above all, in the littoral industrialized region, and cause
heavy pollution in the area. Therefore, it is necessary to tap
the pollution characteristics on local scale. This chapter
will di$cUSS the data based on the SF6 air tracer experiment
conducted at the fixed height 100 m and from the stack height
132 m of No.5 generato~ in littoral Talin thermo-electric
plant at Kaohsiung, where this author presided over the work
from September 8, 1981 to September 13, 1981.
The tracer gas is released from the source. It drifts
with the wind to distant surveying points (sampling points).
In case of a breeze, it may take two hours or more. Moreover,
we must take into account the moving of air current and eddy
and the influence of terrain. In a day there are only a few
conditions which can cope with the condition of implementing
dispersion experiment. In this experiment the time for releasing
tracer is more than one hour and sampling time 15 minutes.





From the review study of atmospheric diffusion
equations, it is concluded that there are many models which
discuss miscellaneous analytical solutions, and the stat,istical
atmospheric diffusion equations. The so called plume model and
the puff model are the general dispersion formulas used by
regulatory agencies in predicting air pollution concentrations.
This assumption plume density and the shape of Gaussian
horizontal or vertical dimensions is based upon field measure-
ments and observations of emission from an isolated stack in
gently rolling terrain. (b,c,d)
One of the most important variables, in determining
whether a source emitting material from a stack is in compliance
or not in compliance with air quality standards, is the maximum
surface concentration of the pollutants that is likely to occur.
C~lculation of this concentration is generally based upon the
Gaussian plume diffusion model and Briggs plume rise model, etc ••
(14)
Dispersion phenomena can be shown by the following
equation to develope the Gaussian plume diffusion model:
u a C a ac a aCax = az(Kz az )+ ay-(Ky ay ) (3-1)
~ .
It is suitable for the foregoing equation to handle
the continuous points source in constant condition X, Y, and Z
in the formula are the rectangular coordinates respectively.
X goes along the direction of wind velocity U, while Y goes
horizontally and crosses with X axis. Z is the rectangular
coordinate. In this equation, the wind direction was
postulated not to change due to altitude but kept in a certain
condition. At the low dissipating source, this postulation
will not cause a great deviation. However, at the high dissipat-
2B
ing source, the postulation is worth reviewing.
Wind velocity U usually changed due to the altitude. How-
ever, for the most part, the diffusion model should be used;
the wind velocity was postulated to be constant and the mean
wind velocity value in the diffused atmosphere was used.
This postulation may have some problems. "Especially, when
the diffused range a of vertical direction was calculated
z
with the diffusion model from the distribution of ground
concentration, the effect of the mean wind velocity was high.
C shows the concentration,Kz , Ky show the diffusion
coefficient of the directions of Z and Y. Kz and Ky under
the general conditions are affected by the atmosphere
characteristics. Moreover, the roughness of ground and
downwind distance from smoke source would cause great change.
The variable diffusion model showed the different functions
of the Kz and Ky only.
If Kz and Ky are the function of X, that is
Kz • Kz (X), Ky. Ky (X)
,
and if
and when the point source (o,o.h.) was affected by ground
full reflection," that is
and the to meet continuous conditions
1~ UCdydz • Q
o
to solve (3-1) Equation, the folloWing can be obtained:
30
Q 2(Z-He) (ftHei
{exp[- 2(12 J+exp [- 2 J J}
z (1z
(3-2)
this is called Normal Distribution or Gaussion plume
diffusion model.
Because ~he Gaussian diffusion model has achieved
considerable popularity among people attempting to describe the
role of atmospheric. dispersion, most engineers and scientists
employing the model have used the classical dispersion rates
originally designated- by Pasqui11 and Gifford. Turner's
workbook had provided additional impetus to use of this model,
often by users not familiar with either the mathematics or the
experimental data used to determine the dispersion rates.
In addition to these, BNL chart (1966), Fuguay chart
(1964), TVA chart (1971), St. Louis ·chart (1969), SRI chart(1973),
Bowne chart (1974), Colstrip chart (1975), MIT! chart (1974),
Yamamoto method (1974), Drax1er method (1976), Sakagami method
(1960), Yahatake method (1977), etc •• There are a number of
methods for estimating spreads which have been surveyed by Okamoto
in 1977. In the above methods, stability classifications such
as Pasqui11's class, Turner's class, Fuquay's 6 classes, gusti-
ness class, rapse rate, SRI's class, MITI's class, Colstrip




The method chosen to determine the plume rise is also
one of the most important areas. Table 3-1 is a summary of
power coefficients in various plume rise formulas.
Table 3-1. Power coefficeints in plume rise formulas:
(OKAMOTO)
C a b
Lucas I 135.0 1/4 1
Lucas II 104.2+0.17 Hs 1/4 1
Csanady 9.5 1 3
Opt. Csanady 49.2 -' 56.6 0.27 0.81
T.V.A.2/3 power law 39.9 - 61.3 2/3 1
Briggs(Neutra1 &Unstable)
-Large Source- 2/3 2/3 12.5 Hs 2/5
-Middle or Small Source- 0.784 Hs 0.6 1
ASME(Neutral &Unstable) 5.7 1 1
CONCAWE(simp1ified) 5.53 1/2 3.4
Opt. CONCAWE 13.09 0.44/; 0.694
Mos~s &Carso , 1968*
-All Stability- 5.35 1/2 1
-Individual ,Stebility- 4.58 - 10.53 1/2 1
Priestley(simplified) 34.7** 1/4 1
Opt. Priestley 43.2 1/4 36.1 Qh~0.6+0.75
. Holland* 0.04 1 1
Rauch i17.2 ' 1/4 1
Whsley(C.C.R.L.) 66.4 1/4 1
* In case that m9ment.um term is negligible in comparison with buoyant
term.
** In case that: Uc -4m/s , Xc-5Om.
Symbols
Qh: heat emission rate (Kcal/s)
U :·Wind speed (~/s)
All: plume~,ri,sC!.1~),
, lIS: sU1ck'height~Tm)
Over 20 years of comprehensive field surveillance and
documentation of dispersion of power plant emissions for a" varied
range of unit sizes, stack heights, and meteorQlogical condit~ons
determined the Tennessee Valley Authority's interpre~ation of
principal plume dispersion models. TVA's experience indicated
that as unit sizes are increased and taller stacks are cons-
tructed, the plume dispersion type associated with maximun surface
concentrations changed. Coning, Farming, Inversion Breakup,
Looping and Trapping are five principal plume dispersion types.
The coning type was considered the critical plume dispersion
type because the frequency of recurrence of surface concentrations
from this model was appreciably greater than other types.(15)
Over simple terrain and straight coastlines, the fate
of aerosols, gases and photochemical pollutants is very hard to
estimate indeed~ and without extensive observations of these
phenomena, we wi~l never be sure of what aspects· to model, and
whether or not our models really have more than a passing
similarity to reality. Yet if we wish to continue orderly
economic development of the wo~ld's resources, we must gain a far
greater insight into the behavior df the atmosphere in coastal
regions where i~a significant guantity of the world's population
..
resides and its harmful effluents are released. (f6)
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3-1-3 The outline of tracer experiment
In this experiment, the focus is on tracing the
whereabouts of the smoke emitted from Talin Power Plant. During
expe~imentation, the stack o~ generator No. 5 has been chosen as
the object to scatter tracer gas. The relevant data of this
generator are as in Table 3-2.









C 83.28% S 3.8%
H 10.8% Water 0.20%





Total emission 369.85 M~s
or 539.0 M~s
The outline of this experiment is summerized in the following
two Tables, 3-3-8 and 3-3-b.
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Table 3-3-a The scheme of tracer e~periment at Kaohsiung




Tracer gas Use balance to weigh and .SF6 (40Kg) bombe
scattering determine the p.roper .pressure gage
releasing volume .temp • controller
Use air sampler 60 sets, • samp1er with time
Sampling network 60 points atl.2S, 3, S, 8, setting
km from power p1.an't ( .samp1ing bag
Refer to Fig. 3-1)
Measurment of Use Briggs and other without observation
effective stack formulas to calculate this time, only
height check byphotograDh
Measurment of .GC with electron capture
tracer gas detector and precut . p-E X ~B type GC
back-flush circuit
-
Measurment of Set up f> .meteorologica1 simple wind direction
surface wind Stations and use 2 fixed and wind speed measur-
stations date (Refer to fng machine with re-
Fig 3-1) corder ,
Measurment of Use piba1 and observe i t~
• tetroon







Measurment of vertical heightthe every SOm
-tl1e vertical pro- with tetherd balloon and .tetroon
file of tempera- radio ·sonde. .radio sonde
tilT".
.-
Measurment of use solar insolator ~ith
solar insolation recorder .solar insoiator
Measurment of 'Use SODAR ,with recorder .SODAR I
mixing height
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Table 3-3-b The scheme of tracer experiment at Kaohsiung
littoral area in 1981
RUN DATE Tracer release release Sampling Wind Pasquill Tracerdirection Stabili-IN release rate height 15 ~ ty releasedNO. s~ tim (min)SEPT. time 1/min. 100m speed (lOrn H)
1 8 12:45 - 20.09 100 m 13:30 - 270
0
B SF613:45 13:45 2.7 m/s 7 2kQ
14:45 - 15:30 - 250 0 SF6') 8 20.09 100 m B"-
15:45 15:45 2.7 m/s 7.2kg




17:45 17:45 1.6 m/s 7.0kg
10:45 22.89 100 m 11: 30 - 270
0
B SF4 9 11:45 11:45 4.0 m/s 8.2kg
5 9 12:45 - 13:30 - 270
0 SF613:45 37.09 * 13:45 4.0 m/s B 12.4kg
6 9 14:45 - 34.89
*
15:30 - 1500 B
SF6
15:45 15:45 2.0 m/s 12.5kg
7 15:45 ..:. 33.49 100 m 16:30 - 2:Bom/s SF69 16:45 B 12.0kg
8 10 8:45 - 30.42
*
9:30 - 270° A-B
SF6
9:45 9:45 1.0 m/s 10.9kg
9 10:45 - 11:30 - 190° • SF610 11:45 32.65 100 m 11:45 3.0 m/s A-B 11.7kg
12:45 - 13:30 - 250° SF610 10 13:45 33.49 100 m' 13:45 2.5 m/s . A-B 12.0kg
11 10 14:45 - 33.49 100 m 15:30 - 225° B-C
SF615:45 15:45 3.5 m/s
15:45 - 16:30 - 225 0 SF612 10 16:45 33.49 100 m 16:45 4.0 m/s C 12.0kg
13 11 9:15 - 34.01 100 m 10:00 - 180° A-B
SF610:15 10:15 2.0 m/s 12.1kg
; SF614 11 10:45 - 33.49
*
11:30 - 225° B11:45 11:45 4.0 m/s 12.0kg








IDate Tracer release release Sampling Wind Pasqui11 TracerRun in release rate height direction Stability re1e3sE~ 15No. Sept. time l/min time (min)~ (lOrn H)100 m




1 C) ~ 40 33.19 * 15:45 2.5 m/s 10.9kg
17 11 15:45 - 33.49 100 m 16:30 - 250
0
C SF6
16:45 16:45 2.~ m/s
9:04 - 33.71 100 m 10:00 - Z90° A
SF618 12 10:15 10:15 2.5 m/s 14.3kg
10:20 - 33.26 *
11:30 - 260 0 A SF619 12 I11:45 11:45 4.8 m/s 16.9kg l12:45 - 13:30. - 270 0 SF620 12 13:45 33.49 100 m 13:45 4.6 m/s B 12.0kg
14:45 - 15:30 - 270
0
B-C SF621 :2 33.49
*15:45 15:45 4.6 m/s 12.0kg
10:30 - 11:30 - 2800 A-B SF622 13 11:45 33.49 100 m 11:45 5.5 m/s 15.0kg
23 13 12:45 - 33.49 *
13:30 - 3300 B SF613:45 13:45 3.6 m/s 15.0kg I
24 13 14:45 - 33.49
*
15:30 - 3300 C-D
SF6 I15:45 15:45 4.6 m/s 12.9kg-_ ..-
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There are many kinds of tracers to be used for dis-
persion experiments such as Hilst (1957) used smoke plumes;
Barad and Shor (1954) used oil fogs; Hay and Pasquill (1957)
used spores; Robinson, et al. (1959) used dyes such as uranine;
Haines, et al. (1958) used antimony oxide which can be
determined with high sensitivity by neutron activation
analysis; and, Eggleton and Thompson (1961) and Leighton, et al.
(1965) used inorganic fluorescent particles such as zinc-
silicates, zinc sulphides and zinc-cadmium sulfite with
small amounts of added activator elements. (17)
This experiment comprises two Approaches; one of
which uses a 100 meter, Tack as a fixed scattering height,
and the other is tack 132 meters high for scattering the
\
smoke thereof. Testing networks are composed of downwind
distance 1.25, 3, 5, and 8 km as in Fig. 3-1. Sampling
machines 60 sets will be installed at adequate sampling points







~ j .~ . ~ Km
Fig. 3-1 Sampling ne~work of tracer experiment
• gas sampling station
• meteorological observing station
• Harbor Meteorologica station
" Airport observing station
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Leighton, et al. (1965) used ammoma and sulfur
dioxide; Eggleton (1961) used radioactive Xenon-133; Collins,
et al. (1965) and Turk, et al. (1968) used sulfur hexafluo-
ride (SF6); Schulz (1957), Hester, et al. (1975) and Elias,
et al. (1976) used various Freons; Cowan, et al. (1976) and
Crawford, et al. (1978) used heavy methanes; and, the Air
Reso~rce~ Laborat~ry - NOAA (1978) used selected perfluorocarbons.
The i~plementation of sulfur hexafluoride (SF6)
tracer gas technology provides quantitative information concern-
ing air mass or pollutant transport and dispersion which
•
cannot be readily obtained in any other manner.
Usually the implementation of dispersion is based
on testing sca1e~ expenditure and other factors to determine the
kinds of tracer. However, they must be in conformity with the
conditions as follows: (f,g)
1) The background concentration may be discerned
conspicuously in atmosphere.
2) The substance is apt to be obtained and stored.
3) It is easy and convenient to acquire a quantita-
tive analysis.
4) There will be no variation, deterioration,
activation, and gas identification in atmosphere.
5) It is easy to control exna~sting volume.
6) The implementing work is easy and not harmful to
numan beings, livestock, and p1ant1ife.
During this experimentation, SF6 is chosen as the
tracer •. It is very simple to scatter liquidized SF6 in tes,t.
It is convenient to sample by automatic sampling device as
well. C6nc~rrent1y there are improyed laboratory electron
capture gas chromatograph methods for the direct determination
of collected air samples containing as Jitt1e as a few parts
of SF6 in 1013 parts of air. '(18)
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3-2 The observation of meteorological condition of
Kaohsiung Area
The objective of a tracer dispersion experiment is to
understand the general rules relative to atmospheric pollution
in a given area so as to acquire th~ effective basic data as
to industrial construction and improved land usage thereof
through experimental result.
Thus, the data acquired during experimentation, such
as various meteorological factors and reference figures should
be broadened toP other adequate usages. Hence" it is ad visa ble
to choose the surface concentration distribu~ion applicable to
dispersion experiment and dispersion approach able to express
an over.all tendency. In such dispersion approaches the reference
figures must be likely to be acquired and capable of being
replaced at any time.
Especially, in recent years, most of the stack
heights have be~n raised and the scope of pollution ~xhausted
thereby enlarged. Thus, the meteorological reference figure in
one locality cannot appraise the concentration distrib'ution
throughout the whole area.
During tracer experimentation, besides the sampling
network set up at adequate points, it is advisable as well to
establish a meteorological observing network for the disper-'
sion ground,at corresponding scope with weather chart for MESO
scale meteorologic analysis so as to facilitate air-observing
data to be coordinated with comprehensive appraisal.
I analyze the general climate, wind direction and
velocity, temperature profile and atmospheric stability in
the following sections. All of the data are obtained fro~ ,the
observation during the period of tracer experiment.
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3-2-1 The analysis of general climate
The diffusion test began from September ~, 1981 and
ended September 13, 1981. In the first day the main task was
prep~ration, the SF6 was dissipated only one tim~.
During the test period, the weather was fair for the most
part except Septemer 7, 1981 which was a rainy day and not fit
for test. The 3enera! climate before and after experiment
is analysed as follows: (refer to APPENDIX A)
September 6, 1981 the barometric fuiniruum 1008 ~b moved
eastward slowly at 21° latitude N. and 118 0 longitude E. North
seas of the Pratas Islands. The barometric maximum 1021 mb
moved east-south-eastward at 40° latitude N, and 112° longi-
tude E., Mongoli~, with the hour speed 15 Km. Under the
effect of the variable air mass in the mainland, the weather
in Taiwan was cold and it showered. Therefore. it was clouded
and showered (the drizzling rain before noon or at noon) in
the test area. September 7, 1981, the baromotric minimum 1008
mb moved eastward slowly at 21° latitude N. and 120° longitude
E, in the Bashi Channel. The barometric maximum 1018 mb moved
eastward slowly at 36° latitude N. and 123° longitude E, the
south of the Yellow Sea. Under the influence of the baro-
meteric minimum in the Bashi Channel, it showered in South
Taiwan. In the test area, it was cloud and showered. As it
rained cats and dogs before noon, sampling was difficult.
September 8, 1981, barometric minimum 1009 mb moved south-
westward slowly at 19° latitude N. 117° longitude E. the
South of the Pratas I~lands. The barometric maximum 1013 mb
moved eastward slowly with a speed 10 Km per hour at 29°
latitude N. l24~ longitude E in the East Sea. As the baro-
metric minimum in the Pratas Islands went ~ 'ay, the weather
was fair in South Taiwan. There were fair and cloudy days
in the test area.
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September 9, 1981, the barometric minimum 1009 mb
moved westward slowly at 20° latitude N. and 115° longitupe E.,
in the south of the Pratas Island. The bClrometric maximum 1023
mb moved eastward slowly at 20° Km per hour at 43 latitude N.
113° longitude E. in Mongolia. There was a fair and cloudy
day in South Taiwan. There also was a fair and cloudy day in
the test area. As the windsystem in the morning was not good,
the test was started 10:00 a.m •. September 10, 1981,
barometric maximum 1020 mb moved eastward slowly at 33 latitude
33° and 114 0 longitude E. in Honan Province. The barometric
minimum 1012 mb moved with speed of 10 Km per hour. Northeastward
at 28° latitude N. and 118° longitude E. in the Chekiang
Province. The cold front moved from this center and extended
to Kwangsi Province. There was a fair and cloudy day in South
Taiwan. There was also a ..fair and cloudy day in the test area.
September 11, 1981, the barometric maximum 1016 mb
moved eastward slowly at 310 latitude N. and 113° longitude E.
in the Honan Province. The barometric minimum 1011 mb moved
ENE slowly at 27° latitude N. and 118° longitude E. in Chekiang
province. The cold front extended from this center southwest
to Kwangsi Province. There was a fair ~nd cloudy day in South
Taiwan. There was also a f~ir and cloudy day in the test area.
September 12, 1981, the barometric maximum 1024 moved
southwestward slowly at 41° latitude N. and 113 0 longitude E.
in Mongolia. The barometric minimum 1010 mb stopped seemingly
at 27° latitude N. and 116° longitude E. in Kiangsi Province.
The cold front extended from this center westsouthward to
Kwangsi Province. There was a cloudy, and fair day some times
with the thunder storm in the mountain area in the test area.
September 13, 1981, th~ barometric maximum 1026 mb
moved southeastward slowly at 41° latitude W. and 114 0 longitude
E. in the Mongolia. The barometric minimum 1013 mb moved
Northeastward slowly at 27° latitude N. and 125 0 lon~it~de E.
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in the sea of Ryukyu. The cold front extended from this center
southwestward through the Taiwan north sea to Kwangsi Province.
Under the effect of this cold front, there was ~ cloudy and
thunder storm day in Taiwan area. It was also cloudy and rainy
in the test area.
In short, before September 7, 1981, the study area,
•
under the effect of the barometric minimum in Southwest Taiwan,
the Southwest air-flow was very strong and brought about too much
aqueous vapose which resulted in the rainy days. After September
,
7, 1981, as the barometric minimum went away from Taiwan and the
Pacific barometric maximum was strong the weather became good.
,
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3-2-2 The analysis of wind direction and velocity
In this experiment Hsiokang Airport observing
station, Kaohsiung Harbor Meteorological Obserying Station
and Tungkang Meteorological Observing Station agreed to
furnish relevant meteorological data at any time. There
were six other stations set up during the tracer experiment
period to conduct meteorological observation, as shown in
Fig. 3-1, so as to cope with the analysis on the character-
istics of experiment field.
Therefore the windsystem is analized run by run
during this period and the wind profile of these six
stations are shown in APPENDIX B.
On September 7, 1981, the air-flow in south was
strong. The south wind prevailed in each station before
noon but it changed by afternoon. However the south partial
wind was strong. The mean windsystem in the air in the
diffusion area during the tracer diffusion study time is
described as follows: (refer to APPENDIX C)
RUN 1 : Before 11:00 AM'the south partial wind prevailed and
the wind changed into a west one at noon. This wind
direction was kept at 330 meters high. From the
ground to 330 meters high point, the west prevailed
as a whole. However, in the space between 330 meters
and 660 meters, the south partial wind prevailed.
In the space between 660 meters and 1000 meters, wind
direction changed into 2 streams of southeast.
RUN 2 In the spacebetween~he power plant and 330 meters
high level, the partial west, wind prevailed. In
the space between 330 meters and 660 meters high
level,'the partial wind prevailed. In th~ space
between 660 meters and 1000 ~eters high lev~l, the·
partial south east wind prevailed. The converg~nce
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level, the partIal west wind prevailed. In the space
be~~e~n 300 meters and 660 meters high level t the
partial southwest wind prevailed general. However, in
the space between 660 meters and 1000 meters high level,
the southeast wind prevailed.
RUN 4: The partial wind prevailed near the ground of the power
plant but it was weak; in the space between the ground
and 330 meter high level, the partial west wind
prevailed. In the space between 330 meters and 660
meters high level, the windsystem was variable one which
seeming formed a divergent area in the air of test area
where the wind direction was variable. In the space
between 660 meters' and 1000 meter high level, the
variable airflow of the partial southeast wind prevailed.
RUN 5: In the SPACE between power plant ground and 200 meter
high level, the west wind prevailed; in the space
between ground and 330 meter high level the partial
wind prevailed in general. In the space between 330
meters and 660 meters high level, the partial south
airflow prevailed. In the space between 660 meters and
1000 meters air level, the southeast airflow prevailed.
rhe test area was the divergent area.
RUN 6: In the space between power plant and 400 meters high
level, the partial south wind prevailed. In the space
between diffusion ground and 330 meters high level,
the partial west wind prevailed. The convergent band
was formed in the air at 5 - 8 Km from dissipating point.
In the space between 330 meters and 660 meters high
level, the partial southeast wind prevailed. In the
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area was formed in the air.
RUN 7; In 'the space between power plant ground and 200 meters
high level: the partial south wind prevailed. In the
space between divergent area ground and 330 meter
high level, the partial southwest wind of airflow
prevailed and it formed the convergent band in the
mounds. In the space between 330 meters and 660 meters
h1gh level, the partial west wind prevailed and, at
the same, the convergent band eXisted. In the space
between 660 meters and 1000 meters high level, there
was the variable convergent area with partial south-
east wind.
RUN 8: The weak northeast wind prevailed on the power plant
ground and it changed to a southeast wind at the 300
meters high level. In the SPACE between diffusion area
and 300 meters high. level, the northeast airflow
prevailed. In the space between 330 meters and 660
meters high level, the southeast wind prevailed. In
the space between 660 meters and 1000 meters high level,
the southeast wind prevailed too.
RUN 9: In the space between power plant and 300 meters high
level, the sout~west wind prevailed. In the space
between diffusion, ground and 330meter·s. high level,
the southwest wind prev~iled and formed the convergent
b~nd at the mounds. In the space between 330 meters
and 660 meters high level, the southeast wind prevailed
and formed the convergent band north of the power
plant. In the space bet~een 660 meters and 1000 meters
high level, the southeast wind prevailed generally.
RUN 10: In the space bet~een power plant and 200 meter high
level, the sou~hwest wind prevailed. In the space
between diffusion area and 330 meter high level, the
southwest wind prevailed too. In the space between
330 meters and 600 meters high level, the southeast
wind prevailed. In the space between 660 meters and
1000 meters high level, the southeast wind prevailed
and formed the convergent area in the north power
plant.
RUN 11: In the space between power plant and 900 meters high
level, the southwest wind prevailed but it changed
as the so~th wind from 1000 meters high level. In the
space between diffusion ground and 330 meters high
level, the southwest wind prevailed. In the space
between 330 meters and 660 meters high level, the
southwest wind prevailed generally. In the space
between 660 meters and 1000 met~rs high level, the
south wind prevailed.
RUN 12: In the space between power plant ground and 500 meters
h~gh level, the southwest wind prevailed but it
changed to a south wind from 600 meter high level. In
the space between 700 meters and 1000 meters high level,
it changed as southwest wind. In the space between
diffusion ground and 330 meters high level, the south-
west wind prevailed. In the space ·between 3-30 me.ters
and 660 meters, the southwest wind prevailed generally.·
In the space between 660 meters and 1000 meters high
~evel, the southwest wind prevailed generally too.
RUN 13: In the space between power plant ground and 300 meters
high level, the south wind prevailed and it changed as
qDuthwest wind to 330 m~ters high level. In the space
between 330 meters and 660 meters, the divergent vortex
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was formed. In the space between 660 meters and 1000
meters high level, the divergent area was forfued.
RUN 15: In the space between power planL ground and 400 meters
high level, the west wind prevailed. In the space
between diffusion ground, and 330 meters high level,
the west wind prevailed. In the space between 330
meters and 660 meter high level, the west wind prevailed
too. In the space between 660 meters and 1000 meter,
the complex divergent area was formed. The convergent
area was formed in the southeast of the-power plant.
RUN 16: In the space between power plant and 700 meters high
level, the west wind prevailed. In the spaces between
diffusion ground and 330 meters high level, ~he west
wind prevailed. In the space between 330 meters and
660 meters high level, the west wind prevailed. In the
spa~e between 660 meters and 1000 meters high level,
it changed as southwest one and then as northwest one.
RUN 17: In the space between power plant ground and 700 meters
high level, the west wind prevailed. In the space
between diffusion ground and 330 meters high level,
the west wind prevailed. In the spac~ between 330
meters and 660 meters, the southwest wind prevailed.
In the space between 660 meters and 1000 meters high
level, it changed as southwest one.
RUN 18: In the space between power plant ground and 300 meters
high level, the west wind prevailed, and it changed
as southwest wind from 400 meters high level. In
the space between sao meters and 1000 meters high
level, the east wind prevailed. In the space between
diffusion area and 330 meters high level, the partial
southwest wind prevailed generally and formed in the
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mounds as convergent band. In the space between 330
meters and 660 meters high level, the southeast wind
prevailed and changed as west one. In the space
between 660 meters and 1000 meters high level, the
southwest wind prevailed and then changed as west one.
RUN 19: In the space between power plant ground and 400 meters
high level, the southwest wind prevailed. In the
space between 500 meters and 900 meters hig~ level,
the southwest wind prevailed and it changed as southwest
wind from 1000 meters high level. In the space between
diffusion ground and 330 meters high 330 meters and 660
meters high level, the southwest wind prevailed. In
the space between 660 meters and 1000 meters, the
southwest wind prevailed and then it changed as
divergent area of southwest wind.
RUN 20: In the space between power plant ground and 400 meters
high level, the west wind prevailed, anU chanled as
southwest one from 500 meters high level. In the
•
space between 600 meters and 700 me~ers the south wind
prevailed. In the space between diffusion area and
330 meters high level, the southwest wind prevailed
generally. In the space between 330 meters and 600
meters high.1eve1, the southwest wind p~eva~ledgenera11y.
In the space between 660 meters and 1000 meters high
level, the west ~ind prevailed and then changed as the
southeast vortex.
RUN 21: In the space between power p1ant'and-300 meters high
level, the west wind prevailed and it changed as
southwest one between 400 meters and 700 meters high
level and as south wind between 800 meters between 800
meters and 1000 meters. In the space between
diffusion ground and 330 meters higb 1ev~1~ the west
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wind prevailed. In the space between 330 meters
and 660 meters high level, WNW wind prevailed and it
changed as southwest wind between 600 meters and 1000
meters high level and formed the convergent area in
the north of power plant.
RUN 22: In the space between power plant and 400 meters high
level, the west wind prevailed. In the space between
diffusion ground and 330 meters high level, the
conver&ence of west wind and north wind prevailed.
In the space between 330 meters and 660 meters high
level, th~ divergence of the north wind, which changed
as Northeast wind later, prevai1ea. In the space
between the 660 meters and 1000 meters high level, the
divergence of north wind, which changed as Northeast
wind later, prevailed.
RUN 23: In the space b~tween power plant and 900 meters high
level, the west wind prevailed, and it changed as
north wind at the level of 1000 meters. In the space
between diffusion ground and 330 meters high level,
the northwest wind prevailed, and it changed as
complicated partial Northwest wind from 330 meters
to 660 meters. In the space between 660 meters and
1000 meters high level, it changed as divergent
partial north wind.
RUN 24: In the space between power plant and 1000 m€ters high
level, the northwest wind prevailed. In the space
between diffusio~ ground and 330 meters high level
WNW wind prevailed. In the space between 330 meters
and 660 meters high·1eve1, northwest wind prevailed.
In the space between 660 meters and 1000 meters high
level, the northwest wind prevailed.
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In conclusion, the characteristics of wind field in the
studied area are as foll~Ns:
(a) Before noon, in Kaohsiung urban area "hot island effect
is obvious" in the situation of radiant zone and air
current is rising at urban center.
(b) After noon, around 2-3 o'clock in the afternoon, there
prevails sea breeze vigorously. Its blowing direction
is WNW or WSW. Its thickness is less than 500 meters
and most of the cycling current prevails in the direc-
tion of ESS.
(c) Due to the influence of sea breeze and cycling current,
vertical wind cutting bec~mes larger to increase
horizontal dispersing function.
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3-2-3 The analysis of temperature profile
The characteristics of the atmosphere layer, especial-
ly the vertical distribution of the air temperature, nas much
to do with the atmosphere diffusion. This study period, the
altitude of the tracer dissipated was as that of the stack of
Ta1in Power Plant; 132 meter and 100 meters. Therefore, when
we review the pollution concentration on the ground, in
theory, for the weather in the diffusion field, the atmosphere
characteristics from ground to about 500 meters high level should
be analysed.
I hereby show the vertical distribution of ambient temperature
observed with the tetherd balloon at the beach west of the
power plant during the diffusion study period in APPENDIX D
This shows the observation data of 2 occasions at
Tunkang, OOOU Z, 1200 Z.
From APPENDIX D, we know that two diffusion studies, Run 2
and Run 3, 15:30, September 8, 1981, were made under
meutralization of the atmosphere characteristics.
At 13:45, September 9, 1981, when the atmosphereic
characteristic under 200 meters was neutral, the RUNS 4, 5
and 6 test were made, However, as the i~otherma1 layer
appeared between 250 meters ~nd 350 meters high level,
thanks to the invasion of sea wind, the atmospheric layer
was more stable.
At 15:30, September 9, 1981, when Run 7 was being conducted,
the atmospheric characteristics were neutral.
At 10:45, Septpmber 9, 1981, when Run 7 was going to
firtish, the isothermal layer formed between 300 meters and
350 meters altitude and the unsta~i1ity appeared· between
53
300 meters and 400 meters altitude. This phenomenon
resulted from the invasion of sea wind reduced as the
neutral condition, and the isothermal layer and un-.
stability appeared in the air.
Refer to Fig. 3-2,
at 10:00, September 10, 1981, 30 minutes before Run 9 was
made, the ground contacting layer below 50 meters was
unstable. In the space between 50 meters and 150 meters,
the neutral condition existed. In the space between 150
meters and 200 meters, under the effect of sea wind
invasion, the counter layer formed. In the space between
200 meters and 400 meters, the neutral con~ition existed.
At 15:30, September 10, 1981, when the ~un 11 was carried
out,. the neutral condition existed bellow 250 meters~ As
it became the isothermal layer below 250 meters, the
isothermal layer atmsophere was more stable and the sea












Fig. 3-2 Temperature profile on Sept. 10.
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At 16:35, the isothermal layer altitude went up slowly
to 350 meters to 400 meters altitude. The neutral
condition existed below 350 meters when the Run 12 was
carried out
At 10:00, September 11, 1981, due to the effect of aolar
radiation, the convection was strong in the contacting
layer below 50 meters and the atmosphere was unstable.
Thanks to the invasion of sea wind, in the layer of 100
meters to 200 meters altitude, the isothermal layer formed
and the atmosphere was more stable. Over 200 meters it
was, the neutFal condition. At this time, the atmosphere
characteristics could represent that when Run 14 was
carried out. By 13:45, during the period, Run 15 and 16
were carried, the neutral condition w~nt up to 350 meters
altitude. Over 4UO meters, it became the counter layer
and atmosphere was more stable.
By 15:30, the atmosphere below 400 meters became the
neutral condition. and the counter temperature was over it.
By evening (1200 Z) the air test data of Tungkong showed
that the unstable layer was formed over 500 meters which
promised the invasion of cold front. Therefore, Run 17
might be affected by counter temperature layer.
At 9:45, September 12, 1981 due io the effect of solar
radiation, the ground contacted below 50 meters was
unstable. The neutral condition existed between 50
meters ~nd 400 meters. 8y-lO:20 the atmosphere under 400
meters was unstable and the counter temperature formed
above 400 meters. By 13:30 15:30, two observations showed
that all of the atmosphere was in a neutral condition.
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Refer to Fig. 3-3, at 10:30, September 13, 1981,
due to the solar radiation, the ground contacting layer was
unstable. The isothermal layer existed between 50 meter and
100 meters. The neutral condition existed between 100 meters
and 400 meters. By 12:00, due to the strong insolation the
ground contacting layer was unstable. The isothermal condition
formed between 50 meters and 150 meters By 13: 30, due to the
strong insolation, the convection altitude increased and the
isothermal layer went up to 150 meters to 200 meters. The
counter temperature formed between 250 meter and 300 meters.











Fig. 3-3 Temperature profile on Sept. 13.
56
In conclusion, during the experiment period, the
temperature profile was not obvious for the cause and dis-
ruption of inversion near the ground. But, it is obvious
for the temperature near the surface to become warmer than
the upper layer by insolation of strong sunshine, that is the
real reason why sea and land breeze occur, and from previous
chapter Table 2-1-a, from May to Sept. of every year, it is
more obvious. From the diagrams shown in APPENDIX D, at about
600 met~rs height and in the afternoon, discontinuities of
temperature can be found, these will be due to different
masses of land breeze and sea breeze.
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3-2-4 The analysis of atmospheric stability
There are many methods of atmospheric stability
analysis. However, because of the limited data, the classifi-
cation methods of Pasquill (1961) and Turner (1961) are used
more universely. Table 3-4 shows the classification standard
provided originally by Pasquill (1961). Table 3-5 shows the
classification standard revised by J~panese scholar.




(at 10 m) mls Strong ~nsola- slight overcast 3/8~ion or 4/8 Cloud
moderate low cloud
< 2 A A-B B - -
2 - 3 A-B B C E F
3 - 5 B B-C C D E
5 - 6 C C-D D D D
>6 C D D D D
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Table 3-5 The Pasqui11 stability classification
revised by Japanese scholar
Inso1atiol 2 Night(ca1/cm /hr) overcast
Surface wind
upper cloud thinly




<. 2 A A-B B D - -
2 - 3 A-B B C D E F
3 - 5 B B-C C D D E
5 - 6 C C-D D D D D
> 6 C D D D D D
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In this test time, the test was made in accordance
with the Pasguill stable classification method revised by
Japanese. The analysis of data from Kaohsiung harbor
Obperving Station, Hsiokang Airport and Talin Power Plant
resulted in the stability shown on the Table 3-6.
data of the ground weather observation, Kaohsiung
In the
Observation Station was used to test the insolation.
Therefore, the classification of stability was affected
greatly by wind-velocity. Moreover, as the two points of
Talin Power Plant's wind test were at 10 meters and 64
meters, the stability of the two points were different.
The stability at the 64 meters point was almost one grade




Table 3-6 The comparison of stability at different
place
Kaohsiung Hsiokang Ta1in at Ta1in
Date Hr. Harbor Airport at
Station Station 10 m 64 m
Sept. 8 9 h A - B A - B A - B -
" 10 B A A -
" 11 A - B A - B A - B C
" 12 B A B A B C- -
" 13 C D I B C B C D- - -
." 14 C B A CI
" 15 B C B B C D- -
" 16 C C C C - D
Sept. 9 9 h A - B A - B A - B B
" 10 B A B B B-
" 11 C B B C
" 12 C B B C
" 13 B B B C
" 14 B C B B - C C - D-
" 15 B C B D
" 16 B C B D
Sept. 10 9 h A A - B A - B B
" 10 A B A A B-
" 11 A A B A - B B-
" 12 A B A B C-
" 13 A B B A B C- -
" 14 B B A B C-
" 15 B B C B C r.- -
-
" 16 C C C C D-
" 17 C C C D
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(Continues)
Kaohsiung Hsiokang Talin Talin
Date Hr. Harbor Airport at at
Station Station i 10 m 64 mI
Sept. 11 9 h A - B I A - B A - B -
" 10 A A A B B-
I ,
" 11 A A B B B- I
"
12 B A - B 1 B C
" 13 B ! B B C
I
" 14 B C I C D ! B C I C- - I -I I II j I" 15 C I c C D ii




" 1:-:-r B C C DSept. 12 A A A A - B
" 10 A B A B A B- -
" 11 B A A C
I
" 12 B A - B A - B C
" 13 B B B C
I
" 14 B B B C
" 15 B - C B - C B - C C
" 16 C C C-
, Sept. 13 9 h B B A - B B - C
" 10 A A - B A B
" 11 B A A - B C
" 12 C B A B C-
" 13 D C B C
" 14 D C D C - D C-
" 15 D C - D C - D C - D
6"· f)r...
Table 3- 7 The comparison of stability frequency at
different height of Ta1in Power Plant
I
ITh~ stability frequency at 64 m height
sum
A A - B B B - C C C - D D
I
I




I II IA - B 4 2 I 7 J 13 Ii I If I I+J i I.c I I I00 I.r-i I(l) j
























Sum 0 1 9 2 23 6 7 48
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CHAPTER 4 ANALYSIS OF AIR POLLUTION OF
KAOHSIUNG AREA
4-1 Characteristic of Pollution Kaohsiung Area
Kaohsiung is located at the southwest of Taiwan.
From the Kaoping river in the east, Lu Chu Hsiang in the
north to the Taiwan Channel in the west and south, ~ts area
is 438 square kilometers. The Kaohsiung city 'is the essential
part of that area, and the second 1ar~est city of Taiwan, the
biggest harbour and industrial centre. As the setting of
export processing zones and southern industrial parks,
investment comes from everywhere, making the city prosperous.
But the problems of sewage and air pollution occur, too.
Since the second harbour of Kaohsiung opened, it became the
l~th biggest harbour in the world. The littoral area
became the corridor of transportation, vessels, trucks and
trains brought smoke and waste gas which worsened the air
pollution.
in the field of suspended particulates' pollution
(e.g. dust, smoke, fume), Kaohsiung area wins the highest
acclaim. The cement factories and steel factories are the
largest producers. As to the pollution of poisonous gas,
this area has all kinds of them, such as S02' NO
x
' F-, and
disgusting odors mostly coming from the. thermal generators,
petroleum treatment factories, fertilizer factories,
aluminium factories and petro-chemical factories.
Table 4-1 Shows the pollution per~entage (%) of




Table 4-1 Emission and percentage of air pollution materials of the Kaohsiung area
industries
.. Polluting Suspended Sulphur Nitrogen
Kaohsiung materials • HC CO
area % particulates Oxides Oxides
emitted in 197 . -
quantity quantity quanity quantity quantity
Sources 'tons/year % -tons/year % tons/year % tons/year tons/year %
. 4 5 4 3 3Thermal power production 1.03xlO 28.5 2.6 x 10 74.6 2.87 x 10 59 1.39 x 10 5.4 1.54 x 10 4.8
Petroleum treatment 3 6.3 4 12.2 3 13.3 4 85.5 3 16.32.26xlO 4.29x10 6.46 x 10 2.18 x 10 6.53 x 10
3 4 4.3 1.64 x 103 3.3
. 3
0.9 3 16.4Steel industry 1.68x10 4.6 1.51x10 2.24 x 10 6.57 x 10
Chemical industry 3 2.9 4 7.3 3 6.25 2 0.5 2 0.41.06x10 2.58x 10 3.1 x 10 1.38 x 10 1.91 x 10
Cement industry 4 46.3 2 0.1 3 11.5 0 0 4 571.67x10 3.55x10 5.62 x 10 2.27 x 10
-
Porcelain industry 2 2.5
"4
0.7 1 1.3 2 1.5 3 48.89 x 10 2.66xlO 6.47 x 10 3.99 x10 1.56 x 10
Wood Industry 3 6.8 4 0.3 3 2.9 2 1 2 0.72.45 xlO 1.02 x10 1.43 x 10 2.7 x10 2.73 x 10
Others 2 3 2.1 3 3.2 3 5 2 0.37.65 x 10 2.1 7.5 x 10 1.08 x 10 1.27 x 10 1.15 x 10
"':
Total 4 5 00 4 100 4 100 4 x 104 1003.6 x 10 100 3.5 x 10 4.85 x 10 2.55 x 10
Up to the end of 1974, the population of Kaohsiung
city was 972,828. And that of Kaohsiung county was 922,522.
The population density of Kaohsiung city was 325.69 per
square kilometer. The population increase rate of the city
was 33.40% and the county's was 21.70%. The area of the
city is 114 Km 2 with most of it developed and flat. And the
county has an area of 2832.5175 Km 2 with 51.42% flat area,
and the rest being hills and mountains. The unlisted area
is about 62.59%. Because the factories are mostly gathered
in concentrated area, pollution occurs easily.
According to the data for rainfall from the Kaoh-
siung weather station between 1970 and 1975, we know that
except in 1971, the rainfall around the area was between
2000 to 2600 mm/ye~r. This abundant rainfall is concen~rated
in June, July and August (except in 1970). Within the g
months, the rainfall amounted to about 60-80% of the yearly
amount. Aside from summer, there was little rain, especially
from Jan. to Mar •. The average rainfall from Jan. to Mar.
was less than 10 mm. According to the records of 1974, the
wind at 8:00 AM was mostly north northeastern, east north-
eastern, northern, north northwestern and northeastern.
That of 8:00 PM were mostly north northwestern, northern,
north northeast. In general, the wind cam from north~~
northeast, north northwest and north. There is very
seldom a calm period. At 8:00 AM, the ratio of calm was
about 1.657%. At noon, the ratio was zero. And at 8:00
PM it was about 3.57%. The wind speed in the morning and
night was from 1 to 4 m/sec. And at noon was 3-4 m/sec.
Some brief points on the characteristics of the
Kaohsiung area are:
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(1) The factories are adjacent to the city. The popllution
situation is complex with the concentrated population,
industries, transportation and co~mercial affairs.
(2) The sulfur oxides and suspended particulates mostly
come from the factories. The nitrogen oxides, hydrocar-
bon compounds, and CO mostly come from the traffic
vehicles on a gradual basis.
(3) The big power plants emit the major part of the
pollutants. But the smaller sources emit the high
concentration because such sources are near the ground.
(4) The emission rate of pollutants remains stationary
throughout the year. It is different from Japan and
America for their heating equipment and severe
climates cause high pollution in winter.
(5) With the petroleum treatm~nt factory in the North Tawu
Ind. park and the cement, wood, and porcelain factories
under the northern wind, the city was in danger all the
time. The Cheng Chen Ind. park in the city caused the
high density pollution daily under the cycle of the
wind. The power plants, littoral industrial park,
Linyuan and Tafa park in the South caused little threat.
to the city. But there was harm to the interior-land
area due to the sea winds which blew in approximately
half of the time.
(6) This area has about 14% of the country's vehicles. As
that figure rises rapidly, the pollution spreads every-
where in the area. The tendency of thermal photo
chemical pollution such as oxidants and other active
chemical species will be more serious in this sunny area.
(7) Disgusting smells were the most frequent source of
complaint made by the inhabitants.
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4-2 Determination of dispersion coefficients ~'Uz
comparision with the Pasquill-Gifford's chart
and
4-2-1 General Aspects
With the dispersion experiment referred to in CHAP.
3, we understand the characteristics of the disperion field
around the Talin power plant, especially the continuous
variety of the upper wind field. Its variety directly effects
the dispersion ability and the ground level concentration of
the pollutants.
The upper wind field indicates that during the
experiment period, except for a few times, the prevailing wind
blew island, an~ the air current in the mixing layer was
processing high convection, especially during the 6, 7, 8 and
14 runs, in which the rising air current was strong.
The stability of the upper atmosphere was always
more stable in one grade than that near the ground surface.
This can be shown from the observed data. Especially under
the influence of the surface roughness and temperature
profile in the coastal region, it is evident for the sea
breeze fron to form and resist the pollutants from dispersing.
In 24 runs using tracer, there were 16 runs in which the value
of diffusion standard deviation in lateral direction Sigma-Y
was calculated. However, using the meteorological data of
64 meters height in Talin power plant, the stability was
analysed by cross reference to Pasquill and Gifford's
classification, there were only 2 classes C-D and unstable B
found, because the experiement was only carried in daytime.
(refer to Table 3-6)
The determination of effective stack height and Sigma
values shall be discussed in the next section in ·more detail.
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4-2-2 The determination of effective stack height and
dispersion coefficient Sigma Z
In this study, as there is no actual observation
of plume rise, the determination way of He and sigma is
stated as follows:
The tracer experiment resulted in the Tables and
Figures of tracer concentration distribution (refer to
Appendixes E and F), then we can read Xmax, the maximum
ground level cencentration contact distance. If this value






a ,b can be otained.
z z
However, if the SF6 releasing
altitude is the constant one 100 M, it must be amended
(refer to the followings) and revalue H. As the individual
e
numbers of the data are not manYJ I will not classify the
various tability B, C, or D, but see them as the mother.
group. Moreover, if the upper air aZ will not change as
the altitude Z changes (a ,b will not change as the H
z z e
changes). (h)
I. If Internal Bounda~y layer does not exist:
(1) The calculation of aZ and He
If H = Run of 100 m, then
e




a should be calculated by the function of released
heat but I hereby decide it as a constant value.
Tarle 4-1 show the relation between wind velocity and
.,
X max.
The Table shows that Xmax has to do ~ith wind velocity.
From (4-1), (4-2) we know:




Ifo<:a<400, hereby indicates a parameter, in






Fig. 4-2 on the basis of the value of £ , inditates the
relations among the parameters.
In runs of H = 132m, H is calculated with thep e
experience formula.
From Fig.4-2 we know the smaller the a , the smaller
the £ is.






However, assumed by = 0.9. From the foregoing result,
if IBL does not exit, q£ = 0.463 XO. 7S1 can be gotten.
The Table 4-3 (a) indicates that with the foregoing
value of parameters, the X is calculated when
max
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Data 10.0 1 I













18 2454 2.5 I J I I I1.0
, I l , t
'.1 4 5180 1.2
......
U (rn/s ) 10. a
mean 2284 2.68
Fig. 4-1 When the trace is reled~ed
in H = 100m, the relalj~~S
o
between wind velocity and
Xmax •
Table 4-2 The determination of the distance
of maximum ground concentration.
Run No. Stability HOorHe(m) Surface wind (m/s) Xmax(m)
1 C 100(219) 2. 7 2045
2 B 100(219) 2. 7 2591
3 B 100(300) 1.6 2864
4 C 100(367) 1.2 5180
5 C 362 4.0 1364*
6 C 582 2.0
7 C 100(260) 2.0 2045
8 B 1132 1.0 3136*
9 C 100(207) 3.0 1227
10 C 100(228) 2.5 2045
11 C 100(191) 3.5 2045
12 C 100(180) 4.0 1500
13 B 100(260) 2.0 2180
14 B 382 4.0 3820
15 C 100 3.5
16 C 492 2.5 5045
17 C 100 2.6
18 C 100(228) 2.5 2454
19 B 322 4.8 1636
20 C 100 4.6
21 C 322 4.6 3000
22 A 100(158) 5.5 1227
23 C 382 3.6 6818
24 C 332 4.6 5454
Note: ( ) indicates H = 100 + 320e
u
As *va1ue does not belong to observed one in the stable
air":'flow it is excluded.
? '
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Table 4-3-(a) indicates the Xmax value when the internal
boundary layer does not exist.
Parameter a = 0.4775
z
b = 0.7502z




X (km) 2.380 4.363max
Table 4-3-(b) indicates that with the foregoing formula,





H (m) 370 235
....e
P--G Stability B C D B C D
X (Km) ,
max




Note: *This figure i~ calculated with 12 datum.
















II. If it is the condition that internal boundary layer
exists:
If we consider that the vertical concentration in IBL
is the homogeneous condi tion (i. e. °<. Z <. h of IBL and
concentration is homogeneous). The dispersion condition
can be indicated with the following formula and Table:
Q f 1 p2C(x,O,z,) =
_: J2iO
exp { - -- } elf
/2it tTy U h , 2
(4-4)
where,





tTz =. a Xbz jz




H indicates the altitude of IBL, and the r~st symbols
e










The max. ce~centrationof down wind ground can be
. calculated with the~ollowing.formulai




o = Q (by + o.s)j Po~ ex P{_ ~2} dp
J2i'u f- h x -co J2icy
1
+ -expp:;;-





= (O.s-b z ) + Heob z
(Jz X (Jz·X
exp f- :2} dp
= (0.5 - bz)h + bzH e




(0.5 - b ) h
= z
+ bz.He • exp {_
(JZ (by + 0.5) J21f
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(4-9)
If we want to satisfy this formula, x = Xmax.
If we put He, a and the dispersion parameters into
(4-5), (4-6) and (4-9), we can calculate the Xmax.
Table 4-4 indicates the X max that is calculated
when H = 235m and 370m, a = 5.0 and 6.0 and
e
the atmospheric stability is B, C, and D.
value is generally calculated with the data
obtained from experiment. This time it was
calculated on assuming of a= 4,6,8 respectively
in order to realize the different a value; the
relation with Hand Xmax in the different IBL
e
altitude, as Fig. 4-3, Fig. 4-3 indicates the
mean Xmax value of IBL boundary and H = 132 m,
e




Table 4-4-(a) Parameters and X
max
H = 370 m, h =a-/X (a= 5.0. 6.0). The Xmax value
P-G Stability B C D
f-- -------- - - - - ------ 1-"_---- .. .. -- .. _---- -------------- I- -- ~_._. .-. -
BZ 0.057 0.1 0.40
bz 1.094 0.9 0.63
by 0.865 0.9 0.89
He 370 370 370
a (assumed) 5.0 6.0 5.0 6.0 5.0 6.0
X (Km) 2.33 1.88 3.75 3.05 5.87 4.54max
from Form.(4-9)
_._. -- _.. -. _.-
Table 4-4-(b) Parameters and ~ax
He = 235m, h =avx (a= 5.0, 6.0),The Xmax value
.
____ .. __.___.'__ ....._~O'__
P-G Stability B C D
az 0.057 0.1 0.40
bz 1.094 0.9 0.63
by 0.865 0.9 0.89
He 235 235 235
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Fig.4-3 The schematic procedures of relations among supposed
. I.B.L. altitude, He and Xmax.
Table 4-4 is the diffusion formula that theorized IBL
and calcu~ates Xmax. This value,indicates the limit value
at the nearest smoke source only because it is impossible
that the pollutants are mixed entirely in the vertical
direction of IBL. However; Table 4-~ Assumes that it is
mixed entirely. Therefore, Xmax value has the certain
scope: it should be between the value from Table 4-3 and
the one from Table 4-4. Fig.4-3indicates the Xmax scope
determined by az , b z ,by calculated by Table 4-3 and
Table 4-4 on the basis of P-G stability classification and
P-G chart. Xmax is apparentlypcopbtionalto the He. Fig.
4-4 indicates h =6-vnr. From this we know that the more
the atmospbere is unstable, the more narrow the scope of
it is.
Fig. 4-5, plots the relations between Xmax and He observed,
The difference between the stabilities is not remarkable.
The full line in the Fig. indicates the Xmax scope when
stability C (refer to Fig. 4-4). From this Fig. we know som
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a 2 3 4 5 6 7 8 9 10
observed xmax (Km)
320Note :. Stability when Ho = 100m, to amend He with He = 100 + -u--- (m)
Fig. 4-5 The relations between xmax and He
xIII. Conclusion
As Table 4-3 (a) shows, in the condition when the
internal boundary layer is not formed, the comparison
between the (Jz distribution of stability c in az =
0.478, bz= 0.750 and P-G Chart calculated from the cencentration
value tested by tracer is as fo~lows:
,-cr = O.478XO. 750













From this diagram, we know the (Jz value calculated
•
from observed value diffused quickly near the smoke
source and then went parallelly to (Jz in P-G Chart.
This difference can be explained as follows:
(a) It indicates the characteristic of diffusion field
in the tropical cl1mate area.
(b) In the case of the outside of IBL, P-G Chart can
b~ a~plied. However, if the IBL exists, the
fumigation is reflected by para~eters.
Because, in the study period, the wind from sea
to land prevailed and this area is near the sea,
it is ~easQnabl~ there is the effect caused by IBL
near sea. Table 4~4 in~icates the postulation
.tha t h = 6 JX". From Table 4-5, we know that the
Xmax value from observed value is distributed in
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the scope of P-G stability C class for the most part.
Estiraating from this, we know the function of fumigation
caused the max. cencentration ground contact point to go
near smoke source. The IBL scope is not over 10 Km and
IBL formation gives the quite complicated effect on diffusion.
Therefore, there are many things to be stuiied because it
does not attain the stage that it can be combined with dis-
persion model for practical use.
Therefore, if we estimate the effect caused by the
smoke source difusion in some down wind point, we may use
the diffusion parameter value observed and analysed directly.
In case of the area or weather condition which cannot be
tested and analysed, it should be amended on the basis of P-G
Chart. Due to the strong insolation in Kaohsiung area, if
we consider the diffusion above 200 - 300 m in the air, the
result studied and analysed may be considered as the one which
is more unstable than that of stability C and should be
amended. The next Chapter will compare the difference of the
diffusion characteristics between North Taiwan" and Japan aiea.
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4-2-3 The determination of dispersion coefficient Sigma
Y and another method to determine Sigma Z.
The form of the gaussian plume diffusion
equation recommended for use by Turner and others for
a continuous elevated point source is:
Q
c (x, y, z; He) = 1 Y 2exp (- - (--) ]
21rO'y O'z U 2 O'y
2
1 Z - He )
{ exp (- -( J+2 O'~
1 Z + He-h}(4-l0)
ex p [- --(.-----:=-)J
2 O'z
The maximum surface concentration will occur
along the centerline of the plume. This concentration




1 1 H ~xU [- 2' e= exp (-qz) ]Q 1r O'y O'z
(4-11)
where Q :.emission 'rate of pollution source
U . speed of wind.
H the effective stack height
e
X : the downwind distance from the source
the standard deviation in the crosswind
and vertical direction of the plume con-
centration distribution.
85
The surface concentration is obtained from Eq.
(4-~O),a1so we may rewrite it as suppose Z = 0, that is
2
C (x,y,O; He) = Ca exp ( - y )2 (Jy 2
where Q He 2
Ca (-
,,""z2 )= U exp 21r (Jy (J z
(4-12)
(4-13)
Ca is'ca11ed Axial Concentration or Centerline Concentra-
tion, is the function of downwind distance.




cic =J-: C (x,y,o)dy =J21r (Jy Ca (4-14)
pUfting Eq. (4-14) into Eq. (4-13), then we get
C
cic U He







,set) =-.-. exp ( ---)
2
(4-16)
We may know the distributing situation of surface
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concentration. As dispersion formula assumes'its
concentration as regular distriubtion, these unkown
figures should take adequate digital value in testing
the distribution of surface concentration to apply
t/z as regular distribution~19)
From the survey of surface concentration
distribution, in the direction of y applicable to
regular distribution in y=O, it is easier to obtain
the centerline concentration Ca and standard diviation
q. Furthermore, although it may presume the valuey
of x from Eq, (4-1) as to whether the vertical direc-
tion is applicable to regular distribution, there
seems to be a problem before understanding the
atmospheric surrounding layer situation. It will
be more suitable to obtain distributing pattern out
of testing value.
Consequently, in setting up sampling network, it
should be considered likely tp appreaise the centerline
concentration at y=O and the maximum interval of q value.y
According to "the characteristics of regular distribution,
at least there are three points of highly reliable testing
value at regular distributing curve; thus, the Ca and qy
value may be acquired from the relative concentration and
interval distance at the three points. (20)
Usually, q value and one tenth concentrationy
v ry with atmo9pheric stability, wind downward distance.
Therefore, from tracer scattering time it may predict
predict dispersion volume and decide the interval hetween
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An example showing how to
determine q y
The upper diagram shows an example as how to
determine q valuey
also try to use Eq.
with Section 4-2-2,
in this study, in this section we
(4-16) to calculate q as a comparisQn
z
Ta~le 4-5 shows the results.
In Table 4-6, two Sigma-Y values at 3 and 5 Km are
near to the q of class B either by P-G CHART ory
Briggs' Equation, however qy at 8 Km is quite
different. In the case of class C-D, the gained q y
value is different from those of P-G or Briggs' value.
(refer t~ Fig. 4-6 and Fig. 4-7)
In other words, when a large air mass is unstable and
the downwind distance froID the source is small, the
gained dispersion width, Sigma-Y value, .and the value
calculated from the P-G CHART or Briggs' formula is
roughly equal. But when it is stable, the difference
is large, and moves in the unstable side one grade.
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Table 4-5. Calculated (J and (J
y z value
I
RUN NO. downwind : Stabilitydistance(Km) (Jy (J **Z
I
2 3 C-D 350 35
10 3 C-D 523 33
11 3 C-D 311 35
8* 3 B 410
-
9 3 B 383 36
18 3 B 514 26
4 5 C-D 422 38
5* 5 C-D 647 237
10 5 C-D 610 40
11 5 C-D 647 41
12 5 C-D 573 31
19* 5 C-D 735 161
21* 5 C-D 832 195
38* 5 B 951 -
9 5 B 685 38
13 5 B 501 35
14* 5 B 547 156
10 8 C-D 1051 36
11 8 -- C-D 933 38
12 8 C-D 633 30
19* 8 C-D 970 169
22 8 C-D 1190 34
8* 8 B 1394 -
* tracer released from stack (132 m Height)
** this (J value calculated only for the comparison
z
with which got from section 4-2-2 as reference use
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ra b 1 e 4 - 6 • Com par e the (J y val uearn 0 n g P -- G CHART val ue ,
Briggs' Eq. value and observed value
downwind (Km)
,--=-r---
distance A i A-B B C C-D D. I
i260 - 19u 128 105 ts5
, I
I 1.25 - ! 327 1 255 163 137 11-2
1.- - I - I - - - -!-----~ ...- ... I 1 425I 550 , 285 230 188j -i
I
3.00 - 647 445 324 273 222
- - (436) - (394) -
, 870 - 670 450 370 300
I
-




1300 - 970 690. 560 455
8.00
-
1249 859 625 527 429












3 mean observed value
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Fig. 4-6 The comparison between observed
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Fig. 4-7. The comparison between observed q andy
Briggs' value.
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Moreover, when we use the value Sigma-Y to show as
the linear functio~ of the downwind distance X, i.e.
Sigma-Y = bx as shown in Fig.4-8, the b value of the
proportional coefficient is 0.11 for the near distances
(below 5 Km), regardless of whether the P-G stability
class is B or C-D. If it is over 8 Km, it moves one
grade in the unstable direction, and it is prone to
increase.
This phenomenon is similiar to the dispersion of smoke
when the h~gh flowing smoke goes into the interior
boundary layer, which the author wants to discuss in















































Fig. 4-8 The relation between 0y and downwind distance
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5 10 15 km
SEA + LAND
As the upper figure shows, the region near the
seashore is subject to the sea wind. In the direction of
the inland, the internal boundary layer is formed and the
smoke flowing in the internal boundary layer easily dis-
perses. When the smoke flowing beside the boundary layer
goes near the boundary layer, its dispersion range is
small. After it goes into the boundary layer, its dis-
persion range increases. As the internal boundary layer
is generally influenced by solar radiation and convection,
high concentration by fun~gation is likely to appear.(j,k)
(22,23)
From the resul t of previous section, ,we see that
the q . and q values are -larger with downwind distance,y z
and it is likely to increase drastically from about 5 Km.
Talin power plant is located at the outside of
the in~ernal boundary layer. When the atmosphere is unstable
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in the near distance, the dispersion parameter Sigma-Y can
be estimated by the P-G or Briggs' formula. However, if it
is in the far distance, because the atmosphere is stable,
the dispersion parameter Sigma-Y is higher than the calculated
value of the two methods. Furthermore, to analyse it from
the point of view of the weather in the Kaohsuing region, the
smoke flowing from the Talin power plant which is prone to
affect the urban district should be in the SSE-SSW wind
cirection.
The frequency of the wind direction is 2% in winter, B%
in spring, 14.4% in summer and 4.1% in autumn (refer to
Table 2-2). Due to the greater frequency in summer, the
smoke flowing from the Talin power plant will effect the
urban district during the summer.
On the other hand, when we review the ground contact point
and the concentration of the smoke at ground level at the
Talin power plant (refer to Table 4-7), we find that when
the effective stack height is at 300-400 m,. its ground
contact point is 8000-10000 m away. When the effective
stack height is over 400-m, the ground contact point moves
to 10-15 Km away. When the height is 1000m or more, the
ground contact point moves to over 30Km away.
In t~is experiment, the plume rise was not observed, but
estimated by Brigg's formula and othe~s as shown in Table
4-7 and Table 4.-8. The maximum concentra tion of ground
level is below· 0.03 ppm.
using tpe Texas Climatological Model (TCM) as abstracted
in APPENDIX G, the author Tries to find the long-term mean
concentration of tracer as shown in APPENDIX H, the results
are very similiar with that shown in APPENDIX F wh~ch are
obtained from the 'experiment.
Table 4-7 Calculated e~fective stack height
by Briggs' Equation and Cmax , Xmax
wind speed stability He Cmax XmaxRUN NO. (m/s) (m)
-
U U class (m) 8=3.5% 8 =3.32% 8 = 2.0% (m)
5 7.6 5.8 C 362 0.0263 0.0250 0.0150 9475
6 3.8 2.9 D 582 0.0204 0.0193 0.0116 16303
8 1.7 1.3 B 1132 0.0120 0.0114 0.0068 34871
14 6.8 5~4 B 382 0.0264 0.0251 0.0151 10076
16. 4.8 3.7 D 492 0.0226 0.0214 0.0129 13455
19 9.1 7.0 C 322 0.0278 0.0264 0.0159 8288
21 8.7 6.7 C 332 0.0274 0.0259 0.0156 858'3
23 6.8 5.2 C 382 0.0264 '0.0251 0.0151 10076
•
24 8.7 6.7 C 332 0.0274 0.0259 0.0156 8583
• . 132 n ;Note.(l) W1nd speed: UT = U10 (-yo-) , n = 0.25 (assumed)
(at the top of stack) I2(2) .6. H = o. 25Qt Hl- U: QH = .p. Q. Cp ~ .6.T
(3) Concentration : Xmax =' ( ~~ ) 2~-n , Cz = 0.12, n = 0.25





Table 4-8. Ratio of calculated to observed
plume rise in neutral conditions
Formula Reference
Reference
(all data) ( select)
Holland 0.44±37% 0.47±26%
Moses &Carson 0.54±34% 0.48±19%
Priestley 1.44±26% 1.4l±18%
Lucas, et, al. 1.36±2l% 1.24±22%
"Stumke 0.79:f:27% 0.72±24%
Briggs (1970) 1.12±17% 1.13±6%
Lucas 1.18±20% 1.16±14%
*
G.A. Briggs (1970). p22, Table 2.
** G.A. Briggs, plume Rise, AEC Critical
Review Series, JIP-2507S, (November, 1969).
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From the above conclusion, we find that when th~ high
flo~ing smoke penetrates in the internal boundary layer,
special phenomenon caused by this will ap~ear. That is,
when the internal boundary layer is formed, turbulence
intensity between the upper layer and under layer is
very different, therefore in the area downwind from the
pollution source over 5 Km, the fumigation is formed.
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CHAPTER 5 ANALYSIS OF AIR POLLUTION OF TAIPEI AREA
5-1 Characteristic of Pollution of Taipei Area
In Taiwan, the two most populated centers, Taipei
and .Kaohsiung area, are gen~rally regarded as the sites of
the more serious air pollution problems. Characteristic
of pollution differ sharply between the ~o locations as
shown in Table 1~2 .
In Taipei, automobiles are responsible for over 90
percent of the total pollution tonnage, with carbon monoxide
and hydrocarbons dominating. Because of climatic conditions
in Taipei, sulfur dioxide levels tended to peak in mornings
and evenings, reportedly exceeding 0.05 ppm in 1982 in
annu~l·average. This means, though, that the overall
levels were within the 0.14 ppm maximum 24-hour concentration
and the 0.03 ppm annual arithmetic mean allowed by R.O.C.
ambient air quality standards (general environment). In 1970,
the annual average hourly concentration in Taipei City was
estimated to be 0.044 ppm, and the levels remained high until
about 1973 when a slow decent began, and"could meet NAQS.
Level of carbon monoxide (CO} in Taipei are high, averaging
about 10 ppm for any 24-hour period and reaching a high of
about 40 ppm on Chung Shan North Road, a major "Hot spot".
Between 1970 and 1978, concentrations of sulfur
dioxide dropped drastically in the city of Taipei, but
levels in Taipei County remained pigh. Elsewhere, levels
alter~ately rose and fell, appearing more influenced by
meteorologicalcondetions than long-term factors.
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5-2 The SF 6 Tracer Experiement at Littoral Industrialized
Area of Taipei
5-2-1 The outline of tracer experiment
In order to compare the difference between the
.
diffusibility of pollution ingredient in northern part
of Taiwan and in southern part of Taiwan as affected by
weather, geographic and other factors, the scheme of
tracer experiment at Ta Lin Firepower Plant,' Kaohsiung
and the one at Lin Kou Firepower Plant in 1981 and Jan.
25, to 27, 1983 respectively were carried out. The data
of Linkou No.1 Generator representing the exhausting
source of SF6 is shown in Table 5-1 below:
Table 5-1 The data of Linkou No.1 generator
Stack Height
Stack top diameter








The overlay of experiment is shown as Table 5-2:
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Table 5-2 The scheme of tracer experiment at Taipei littoral
area in 1983
Run Date Wind Pasquill Mixing Run Date Wing Pasqui1l Mixing
No. & Dire. stability height No. & Dire. Stability height
Time & (.M) Time & eM}
Speed speed
Jan. 40 0 45
1 25 70m/s D 1000 11 1500 8.0 0 670
1100
2 1200 40 D 1030 12 1600 C I
7.0 I
4$ Jan. 70 i
3 1300 7.0 D 1030 13 27 3.0 C 1020
1030 !
40 45
4 1400 7.0 D 1030 14 1130· 4.0 C 1030
5 1500 40 D 1100 15 1230 30 C 1080
7. 7 4.0_
6 1600 40 D 16 1330 30 C 1030
7.0 3.5
Jan. 45 30
7 26 7.7 1) 600 17 1430 3.5 C 1030
1100
8 45 30120C 8.0 D 600 18 1530 3.5 C 1070
9 1300 45 D 6308.0
10 140C 45 D 6309.0










A sampling network is shown in Fig. 5-1, and the Linkou
Power Plant is made as the originated point. 46 sampling
stations are installed from the point toward the r s0uth-,
west in distances of 3,4,5, 8 and 12 km respectively.
In addition to the above, there'g pOllution ingredient
and meteorological observation stations installed.(l)













1.4-__~'_-----'~1------=~t ! _. .._ •....,.__• _
._~
1 3 6 9 12 15
Q Meteorological observation station
~ S02 observation station
• SF6 survey station
1. WU CHUAN Primary School 6. LINKOU Power Plant
2. SHALUN Primary School 7. HAIHU Primary School
3. CHEN KANG Primary" 8. CHIANG KAI-SHEK Air Port
4. TAYUAN Industrial Area 9. TA HUA Transform er House
5. LUCHU Primary School






























o. o. o. a . o. a . o . o. a . 0 . 0 . 0 . 0 . 0 . 0 . 0 . 0 .
o. O.
52. 55. 53. 52. 50. 57.
54. 58 .. 57. 63. 63. 60. 74.
o. O. O. O. O. o.
o. o. o. O. 13.











3. 15. 20. 20. 25. 30. 28. 32. 30. 28. 37. 55.
O. 10. 15. 12. 15. 20.20. 20. 22. 28. 35. 55.
o.









45. 45. 50. 30. 30. 35. 35. 36. 42. 45. 50. 48. 47. 43
----------__-----------------------f----+----~
------~------------------------------._--="'~
38. 40. 28. 20. 30. 32. 25. 30. 37. 40. 42. 43. 44. 38
59. 65. 55. 52. 55. 55.
70. 70. 65 65. 68. 65. 65. 70. 70. 60. 60. 65. 68. 71. 72. 68.
,
85. 90. 85. 80. 85. 82. 85. 85. 90. 88. 75. 82. 86. 83. 85 .. 84.
83. 85. 70. 75. 75. 75. 78. 78. 83. 70. 66. 74. 77. 75. 78. 71.
10. 5 . 3.
15.15. 10. 10. 20. 25. 23. 25. 33. 33. 38. 40. 35. 39.
85. 95. 86. 92. 90. 93. 92. 95. 100. 95. 92. 85. 93. 95.
- '--- 100
Unit : m··
* LIN KOU Power Plant
Fig. 5-2 Diagram of the Terain at Littoral
Area of Northern Part of Taipei
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5-2-2 The observation of Meteorological Condition of
Taipei Area
In Winter, the weather condition in Taipei Area,
espesially the wind field, is completely dominated by
synoptic current, which is obtained by the analysis of
diagram of ground surface weather. The following is the
status of weather in these five days. (refer to Fig. 5-3)
Jan. 24, High barometric pressure of 1033 mmb
olocated at 33 of north latitude and 121 of east longitude,
at littoral area of Kiangsu Province, slowly moving toward
the east. Another high pressure of 1042 mmb, located at
o 041 of north latitude, 111 of east longitude at the center
of south Mongolia, nealy staying. As affected by the
changeable air mass from mainland, the weather of various
places in Taiwan turns out from being cloudy to being clear
and the temperature turns out be high again. In central and
southern part of Taiwan, dense fog is partly existed. It
is a rainy weather in experiment area. Wind direction is
toward the northeast and wind speed is 7 m/s.
oJan~ 25, High pressure 1034 mmb at 29 north
olatitude, 120 east longitude at Chekiang Province, slowly
o
moving toward east. Another high pressure 1039 mmb at 39
o
north latitude 109 east longitude at center of southern
part of Mongolia, nearly staying. As affected by the weak
northeast monsoon, except being cloudy and partly rainy at
east part, it turns out from being cloudy to being clear at
other areas. During daytime, temperature turns out to be
high again. The weather is cloudy after raining at experi-
ment area. Wind direction is northeast. Average wind speed
is 6 m/s.
oJan. 26, High pressure 1032 mmb at 30 north






























moving toward east. Another high pressure 1039 mmb. at 44 0
north latitude, 110 0 east longitude, at the center of Southern
part of Mongolia, nearly staying. As affected by the chang-
eable air mass from the mainland it turns out from being
cloudy to being clear in various places. Temperature comes
high again. For.next day as affected by the weak northeast
monsoon, there is party light rain in northeast and east
areas. It turns out from being cloudy to being clear in
experiment area. Wind direction is northeast. Average wind
speed is 7 m/s.
Jan. 27, High pressure 1029 mmb. at 31 0 north
olatitude, 126 longitude, moves toward the east at East Sea,
speed of 10 km. Another high pressure 1035 mmb at north
latitude 43 0 , east longitude 114 0 , at the center of east
part of Mongolia, nearly staying. In Taiwan area, it is
still affected by the changeable air mass from the mainland
this day. Except there is party light rain in northeast
and east part, it turns out from being cloudy to being clear
in the rest areas. The weather turns fro·m being cloudy to
being clear. Wind direction is east, northeast. Average
speed is 4 m/s.
Jan. 28, High pressure 1026 mmb. at 32° north
,
latitude, 125 0 east longitude, moves slowly toward east
at the north part of East Sea. Another high pressure 1640
mmb at north l~titude 48 0 east longitude 98 0 , at the
northwest part o~ Mongolia, nearly staying. In Taiwan area,
as affected by the changeable air mass from the mainland,
there is more cloudy at east part and partly light rain.
There is- partly shower at south area, and cloudy turning
out to be clear fbr the rest areas. It turns out to be
cloudy to clear. Wind direction is declined to east ~nd
speed is ~lightly weak.
From the analyzing synoptic current, it is found
110
taat the wind blows toward northeast and the weather is
exactly ·what we have often seen in winter the class D
stability. It is quite consistent with the determtnation
of sampling network.
Table 5-3 Shows:
The possibility of occurance of atmospheric
statibility and wind direction in Taipei area for the year
of 1980.
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Table 5-3 The Probability of Atmospheric Stability and
Wind Direction in Taipei A~ea for the year of
1980
Wind Spring ~ Summer Autumn WinterDirec.tioLJ A,B,C, ID,E,F. A,B,C, D,E,F A,B,C D,E,F A,B,C D,E,F
1 2.73 5.10 3.03 2.42 2.21 2.02 1. 38 4.40
2 1. 6 7 4.74 L50 1.05 1. 69 4.19 1. 24 9.75
3 0.96 22.00* 0.47 ).37 1. 41 16.54 9.57 21. 00 *
4 0.71 19.97* 0.05 1. 23 0.47 28.58* 0.48 27.68*
5 0.44 7.25 0.42 3.67 0.66 19.75* 0.81 13.00
6 0.25 2.59 0.82 3.68 0.24 4.43 0.43 2.73
7 0.39 2.11 1.13 2.44 0.18 1.78 0.38 1.l5
8 1.00 3.50 2.54 7.27 1. 17 3.39 0.38 2.06
9 1. 39 4.13 2.73 8.18 1.03 3.11 0.57 1.58
10 0.34 1. 08 1. 59 5.77 0.18 0.85 0 0.67
11 0.34 1.63 1.59 6.99 0.19 0.80 0.15 0.44
12 0.69 1.97 3.10 13.80* 0.24 0.28 0.15 0.63
13 1.43 2.83 3.73 7.12* 0.62 0.34 0.15 0.79
14 0.82 1.11 3.36 1.23 0.66 0.28 0.77 0.43
15 0.96 1~78 4.22 0.96 2.08 0.19 0.58 1. 11
16 1. 93 1. 59 2.18 0.51 0.90 0.28 0.57 0.86'
Total 15.98% 81.02% 32.46% 67.54% 14.13% 85.85% 8.35% 91. 65 %
Note Spring covers March, April, and May;
Summer June, July and August;
Autumn'September, October and November;
Winter December, 'Janua~y and February;
* Indicates Wind Direction at most.
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Fig. 5-4 Indicates the distribution of wind speed and
wind direction in perpendicular wind field as observed
by that 6 stations. Black point means so data available.
On 25th, wind blow strongly toward northeast at high level
of various observation stations. On 26th, the wind blows
toward nor~heast at the bottom level of various stations,
but it turns out to incline to the e.ast up from the level
of 45 km. It indicates another air is getting close from
high system.
Fig. 5-5 Indicates the horizontal wind field within these
three days at a height 225 m of Taipei and Taoyuan area.
It is tound that the variation of wind direction is con-
siderable slim. Wind blows northeast, it turns out to NNE
as from the afternoon of the third day. It turns out to ENE
from 1600 PM and the wind speed becomes weak.
It is otherwise analyzed that the wind speed at
high level wind field is less powerful than that at bottom
level (high level goes 450 meters up) As from 26th, the
wind is getting inclined ~o east. High pressurized circula-
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Fig. 5-4 The Distribution of Perpendlc~laT Wind Field at
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5-3 Determination of dispersion coeff.
and comparison with the P-G chart
5-3-1 General aspects
Sigma Y, Sigma Z
Gauss Plume Model is assumed that a steady state
of distribution is carried out from long-time diffusion
and conveyance of pollutants without considera~ion of the
effect of terrain and local current. Owing to the irregular
terrain in Taipei and Taoyuan area, the employment of Gauss
Plume Model may cause a great discrepancy. However, if the
consideration of effect made by ground surface roughness and
the height of plume, probablly, the phenomenon of ~iffusion
in ground surface may be consistent with the actual enviroment.
Major purpose of this experiment is to find the distribution
curve of ~y , ~z.
5-3-2 The determination of effective stack height and
dispersion coefficients sigma Y and sigma Z.
The result of sampling in these three days is
shown in the attached list. From the list, we are aware
of that the wind direction is steady, mostly toward north-
east, mainly the synoptic prevailing wind. The effective-
ness of terrain and iocal circulating current is not
obvious. High concentration is mostly concentrated in the
line of 7,8,9, but there is still discrepancy in the range
of concentration. On the other hand, from the result of
·the list, we find that most of the experiments are successfully
obtained three sampling points in the data of concentration.
We may find the coefficients sigma Y and Z as according to
the method in paragraph 4-2-3. As indicated.in Table 5-4
to 5-7, (based on the meteological data of Chiang Kai-shek
Airport), the coefficients sigma Y and Z in each experiment
are not increased in related with the increase of down wind
distance, but, the average of sigma Y and Z within these three
118




Time RUN NO. Stability d"'y (m) OZ (m) I
- .._--._---
I 1/25I 1100 1 D 260 56 II lI II 1200 , 2 D 202 60 ,
! ! I
,
1 jiJ U 3 I 209I n I 45 III
1400 4 D 324 48
1500 5 D 209 45
1600 6 D - -
I
I
1/26 1100 7 D - - \
,
i
1200 8 D ! 202 60 II
l
1300 9 D 144 55
1400 10 D 216 53
1500 11 D 195 .. 68 I
1600 12 D 187 65
1/27 1030 133 D 245 57
1130 14 D 216 87
1230 15 D 505 206
1330 16 D 238 54
1430 17 D 144 52
1530 18 D 216 52
Average Value 219 66
Briggs City Area 324 305




Table 5-5 a.;, 67. value (Arc B)y, z
TIME RUN NO. Stability Oy(m) uz(m)
1/25 1100 1 D 219 53
1200 2 D 295 66
1300 3 D 208 59
1400 4 D 317 112
1500 5 D 208 62
1600 6 D - -
1/26 1100 7 D 295 86
1200 8 D 306 72
1300 9 D 328 69
1400 10 D - -
1500 11 D 328 100
.1600 12 D .48"1 75
1/27 1Q30 13 D 219 49
1130 14 D 219 108
1230 15 D 428 77
1330 16 D 328 77
1430 17 D - -
1530 18 D - -
Average Value 303 76
Briggs City ArEa 431 412
Briggs Rural Area 300 97
EPA 249 74
120
Ta~le 5-6 0: ~ value (Arc C)y,vz
TIME RUN NO. Stability Oy(m) (jz (m)
1/25 110~ 1 D 344 62
1200 2 .. D
- -
1300 3 D 364 70
1400 4 D - -
1500 5 D 809 93
1600 6 D 607 50
1/'26 1100 7 D 526 146
1200 8 D 607 78
1300 9 D 567 229
1400 10 D 405 68
1500 \11 D 769 73
1600 12 D 607 69
1/27 1030 13 D 607 86
1130 14 D 506 63
1230 15 D 590 74
1330 16 D 583 113
1430 17 D 541 66
1530 18 D 647 102
Average Value 572 90
Bri::ggs City Area 624 609
Briggs Rural Area 478 133
EPA 417 102
121
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b '= 1. 10
d = 0.3&
follows:
The comparison between the average figure of
~ and ~ and the data of Ta-lin Power Plant and the distri-y Uz
bution curve of Brigg's rural d~d city area is shown as
At:. indtcated in Fig. 5-6, it is found that <Jy in
Tci~pei and laoyuan area at a short distance of the stack
(",h,Jrter th.in 4 ..) km ) is quirt.: similiar with the figuNof
B!:".lggS' (rur,ll) ,ii-atribution curve As to long distance,
i t 1, ".) I.arge( thaH thut of Bri.f,g~' 1~ Cl.:f and suburb area.
dLnribution ·.urves are aU larg.:r thun that in Taipeir5y
anj Taoyuau area l:egardless 01 the distance on account of
its gruund surface r0ughness anJ ito C-D stability. Owing
u; tht mOUl~ntum and buoyald"'y (;f pll:"ie.
Up to a certain height, then disper~es
it normally goes
(.
in the influence of
wind. Therefore, the effective stack height is usually
the total DC aClual height and ~lUlli~ height.
is shown as follows:




A~plYlng to the Air Qual:ty Model. the effective



































. r""'ig. 5-5 The
DOWN WIND DISTANCE
Km
-:.i::.':.cr. ~):~tween downwind distance and sigma y
124
greatly. Especially, the maximum surface concentration is
in proportion to the square figure of R . Therefore, for
e
better understanding, and experiment of two times a day is
carried out under the condition of shutting EP for five
minutes so that such experiment for plume rise measurment
may smoothly be carried out. The figure as attained ( R
and X relationship) is shown as on attached Table 5-8.




on Briggs (1969) 2/3 Power Law which is
6B. = CF 1/3 V-I. X 2/3 X< 10
4 3F = Buoyancy flux (m / sec)
V = Average wind speed (m/sec)
F = v D2 (Ts-Ta)
g s Ts
g Gravity acceleration
Vs Emission speed (m/s)
D Diameter of Stack (m)
Ts Temperature of exhausting air ( oK)
Ta Temperature at ground surface (oK)
Find out the figure of C, to average the figure
is 0.81, then find the correlation coefficient
of calculating figure and actual figure.
Find the figure of C by using the formula of
Moore (1974) as:
DR = CF 1/4 V-I X3 / 4 (formula 2)
The average C is 1.01. Then, find out the
correlation coefficient of calculating figure
and actual figure, such as shown in Table 5-9 ••
From the comparison of the both, we know that
formula 1 is more accurate.
12:1
Table 5-8 (Seq. :-5) T'h'? Effect:ive stack h'~lght from to<=.>
obS2rvation of plume rise for five times
SeqUE>nce Time He(m) X (m) r.; :~equf'n(:e Time He(:n) X(m)
"
1 250942 79 0 1. 18 3 26045 85 0 1 .3 7
99 44 0.93 107 64 1. 00
106 87 0.88 112 125 0.89
114 129 0.85 118 182 0.82
121 169 0.84 123 236 0.79
128 208 0.83 128 287 0.76
134 245 0.75 132 335 0.67
139 317 0.69 134 424 0.60
143 390 135 517 0.55
140 462 136 605
1·34 689
Sequence Time. He (m) X(m) C Sequence Time He(m) X (m) C
2 251618 75 0 1. 10 4 261600 85 0 1. 53
101 54 o . 8.6 110 61 1. 13
108 106 O. 77 116 119 d_9"?
114 156 O. 74 121 173 0.91
120 203 0.72 127 225 (1.87
126 '2 '+ 8 0.72 112 274 0_8,)
132 292 '1 .63 137 320 n.73
134 373 0.57 138 407 0.66
-
137 457 f).53 140 497




Sequence Time He em) X(m) C
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Table 5-9 Calculate the correlation coefficient between
calculating value and actual value









5-4 The analysis of ground surface concentration of 802
The dispersion concentration of 802 on ground
surface is attained by the data of meteorology at the
vicinity of input iirport during the period of experiment
and the data of two another stacks not for dispersing
SF6 through the TEM Model, which is shown on Fig. 5-7
and 5-8. We find from the result that concentration
dispersion goes along the main axis. i.e. from northeast
to southwest. The max ground level concentration is
approximately 0.227 ppm, and the maximum concentration
of ground level is happened approximately 6 km from the
•emission source, but it is about a distance of 3.5 k~
as bas~d on the meteorological data of Linkou Power Plant·.
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UNIT : :x 10- 2 PPM
• Location of LIN Kou Power Plant
Fig. 5-7 The Ground Surface Concentration of S02
on Jan. 25
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UNIT : X10- 2 PPM
* Location of LIN KOU Power Plant




It is easy to obtain the stability of Class D, as
the experiment is carried out in the winter (based on the
data of Chiang Kai-shak Airport). The meteorological joint
frequency as shown in Table 5-3 of Chiang Kai-shak Airport
indicates that it appears stability Class q~ in winter is
approximately 91.65%. Due to few times of experiments carried
out in experiment period, it won't represent much sense for
Class C or other stabilities.
As ~y and Oz of Class D stabilities adapting a
dispersion curve and plume height in this experiment is
made, it is quite meaningful as on the period of winter and
to power plant stack. From this point of view , this experi-
ment is successful. From this experiment, we are aware that
~ is similiar with that of ffrigg's suburb in short distancey
in Taipei Area, and is inclined to increase in long distance.
~z is inclined to small, it is even smaller than that in
plain areas on account of the terrain and wind direction
or any other manmade errors.
The flow characteristics of regions of complex
terrain (such as in northern Taiwan area) differ significantly
from plain terrain (such as in southern Taiwan area) was
found. It may be as a funtion of topographic details
and meteorological conditions, but there is a need for more
measurement and theoretical studies which can be made and
completed site-specific types of flow phenomena in future.
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PART II
DEVELOPMENT OF AIR POLLUTION CONTROL
STRATEGIES FOR MAINTAINING ASSIMILATING
CAPACITY IN TAIWAN, R.O.C.
CHAPTER 6 CONTROL STRATEGIES OF AIR POLLUTION IN
TAIWAN
6-1 The analysis of the future strategy for air pollution
of the leading countries of the world
An international perspective for air pollution con-
straints on increased energy use by industry, national
decisions regarding acceptable tradeoffs among energy,
environmental, and economic cOsts-these factors, will deter-
mine the extent to which compatible policies for energy
development and environmental quality can be pursued in
. d . 1 . (24)1n ustr1a countr1es.
Conceptually, the preventative measures of
pollution include "how to restrain" and "how to control". The
sources of air pollutions are always combustional equipment,
various producing procedures and all kinds of vechiciles.
The restraint work of these pollution emitters were (A) to
c
reduce the total emissions, (B) put all the stacks together
or increase the height of'stacks so as to dilute them, (C)
supervise the dispersion procedures of the pollution materials.
For (A), we could (a) improve or replace the fuel or change
the producing procedure (b) fix the particulates and
poisonous materials' treating equipment. As for (C), we
may reach the goal by a monitoring system and management,
transmission system. (m)
Stack height requirements are a common and effective
'method of minimizing local ambient concentration of 50 2 ,
though no reduction in total atmospheric emission is
achieved. A relaterl strategy, known as intermittent
control, involves using a low sulfur fuel during periods.
of adverse meteorology, and a higher sulfur fuel during
conditions conductive to good dispersion. From a technical
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perspective stack height requirements are relatively easy
and inexpensive to implement. (n)
Intermittent control systems are more difficult
to implement since the capability must exist to store and
switch between fuels of different sulfur contents, and to
monitor and forecast local ambient air quality and/or
meteorological conditions.
The need for close interaction between energy
and environmental policy makers and analysts is paramount
if conflicts are to be minimized and compatible policies
developed.
Japan ,is so-called "the leading country for anti-
pollution strategies ion the world".
Reviewing the basic control policy of Japan,
there was first the "Basic Law for Environmental pollution
Act" in Aug. 1967 then they modified column 10 of that
Act to bethe" Air Po 11uti 0 n Co n t r 0 1 Act" 0 f Dec. 1968. Th €:
goals which the Act pursued was (1) from a point of view of
prevention, to assign control areas (2) severe control on
the newly established factories in the highly polluted
areas and set a ~trict standard for new coal oriented
equipment, (3) setting the emission standard of sulfur
1
oxides (4) to limit the emission of vehicles (5) to enforce
the management of emergency situations. (o,p)
. The 28 poison materials listed on the Act. were
those whic~.spr~ad into large areas and influence the
health of people, such as sulfur ox~des, particulates and
vehicles' emission. Regarding the sulfur oxides, we must
rna tch the "Low sulf ur c-on ten t pol icy" to reach' the en viron-
mental standard of 1969. The combined energy research
council of Japan ha~ the following results. They though
that the following items should be taken to go with the
"Low sulfur content policy":
(1) import oil with low sulfur content,
(2) consider replacing the energy, such as L.N.G., low
sulfur coal, etc.
(3) develop the skills of flue gas desulfurization to get
rid of sulfur from heavy oil.
But no matter how the skills of (3; are improved,
it is not easy to reduce the absolute quantity of the
polluted materials which have been disposed into the air.
So the best action is to make a proper location of main
sources and procure the control of total emission during
emergency situation. To settle the highly polluted areas
problems, it must be settled from a long term point of view.
It might concern regional land use, urban planning, transpor-
tation planning, re-establishment of city and the use of
high stacks and compound chimneys. If we could find out the
relation between the pollution resources and the pollution
situation, we could obtain the best plan of action. Predic-
tion of pollution emergency situations is also important.
In brief, the control strategy for air pollution
of Japan was worked out according to the following three
procedures. And the final goal is to control the total
pollutants emission. (g,r)
(1) Uniform control of emission sources --- the predication
of pollution level, whether by quantitative or by
qualitative, was not accurate enough.
(2) Block control of emission sources --- even if a
prediction 6f pollution level is accurate, an objective
function of optional control is undefinite.
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(3) Individual control of emission sources --- with the
established data ~ases, a prediction of pollution level
is accurate and an objective function is definite.
Japan began her control of sulfur oxides by K
value from Dec. 1968. After that, she modified the K value
several times: second modification in Jan. 1972, fifth in
Jan .. 1973, sixth in Apr. 1974, seventh in Dec. 1975 and
eigth in Sept. 1976. The allowed wasting (venting) volume
-3 2of each productive equipment unit is q = K x 10 x He
allowed volume of sulphide oxide 3q venting (m /hr)
K area coef. (3.0 -- 17.5 with 16 grades)
He: effective height of stack (m)
As fo~ the newly established factories, the parti-
cular K values were set to 1.17 to 2.34 with 3 grades.
Japan used the "Total emission control" from June
1974. And the control was fulfilled in 11 areas from Nov.
1976. The government assigned another 8 areas to take
control in Dec. 1975 and another ~ive areas in 1976.
It is still difficult.to reach the ambient
standatd only by setting the allowed emission in massive
factory areas. To solve thjs, the government assigned
these areas to be the "total emission control" areas. The
local governments settled the emission planning of each
place, then districted the larger factories to be the control
projects of "total emission control" and the small ones
controlled by the use of fuels only.
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6-2 The settlement of stack dispersion coefficient K
To manage effect1y the "Air pollution control act
of ROC", we assigned the control area so as to make the
quality of air reach the national standard. It is impossible
to reach the goal just by control of the concentration of the
emission from stacks. Therefore, we must limit the venting
emission (i.e., mass in unit time). The stack dispersion
coef. is a coef. which expresses the relation between the
stack's height and the emission of specified materials.
The author conducted this study in 1977.
-The Sett1em~nt of Stack Dispersion Coef.:
(factors)
(1) The national ambient quality standard of specified pollutants
(2) The weather factors which effect the dispersion, trans-
port and dilution of the pollutant concentrations in
the control areas.
(3) The number of stacks, their height,lo£ation and their
emission in the control area.
(4) The air quality at present time.
(5) The industrial tendency of the area.
(6) The possibility of technology and policy to reduce the
emission so as to reach the coef.
Definition of stack dispersion coef. ( K ) is from eq. (6.1),
'"oJ
. 2Q = KH e (6.1)
Q : emission rate of stack's pollutants, g/sec.
He: stack effective height, m.
K : stack dispersion coef.
For a stack,·(point. source), the dispersion value
of the neighboring area (10 Km form its downwind side) can
be represented by G~ussian Mode1S~)The maximum concentration
13.7
oft he g r 0 U :1 J 1 eve 1 C 3 n be feu n ct 0 U t byE' q. ('"'. 2) •
KOH- 2
. e (6. ?)
where K =
1
exp [-! ( 6 • J)
1t"u&* (j *y z
( (Jy I c = Cma x ) / He
U
z
* = ( (Jz I c = Cmax)/He
(6.4)
( 6 .5)
(6.2) expresses that the maximum concentration is
directly proporational to the emission Q and inverse
proportional to the square of stack effective heigh
in the downwind area.(~)
K is different from K. The constant K is relative to
the wind direction and speed of the stack effective
h,e i gh tan d the s tab iIi t Y con d i t ion ~27) I f we set " C" to be
the air quality standard and "B" to be the environmental
background concentration, then the po~lution control would
be asked the Cmax in the following relation:
i • e •
Cmax + 1\ < C (6.6}
(6.7)
From eq. (6.7), (6~1) and, (6.3) we can see that the stack
dispersion coef. ~ =-i-(C-B). or
-IIK = 1t"U(J*Y ~*ZI exp[! q~ -2] (C-B) 16.8)
In eq. {6.8), for background concentration "B"
of a specific stack, we should give further expl&nation.(~)
In-the control area, if ther~ is only a single source
exist, the "B" can be treated as the influence from anyother
unknown sources inside or outside the area. But, if there
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are other sources, the "B" means the inf.Juence from other
stacks in the area. Therefore, qualitatively speaking,
the background " B" value would be big g e r3 s t h (' r [' g j i-I n Cl 1
pollution get more serious and various.
If I said K ep ,i, m is the set: of ambient diffusion
constants,
where ~ = 1-16, as the 16 directions of wind
i = 1- 6, as wind speed, for 6 grades
m= 1- 6, as stability class, for 6 grades
Then, we understand the above K is .one case of K~,i,m'
rewrite and difine the total average K with a new concept
as
(6.9)
where K* the total average K
K : the ambient diffusion constant in one case
K~,i,m: the set of ambient diffusion constants
f(~,i,m): the combined frequency function,
So f( ~ ,i, m) could be treated as the possibility of any
case of wind direction, wind speed and stability occured
in a period.(~~or instance, in Kaohsiung area, 1979, the
K values were calculated by using the observation data of
wind and stability, and shown in Table 6-1 with different
stack-height. Using these data and air quality model
called TCM, calcula~ion of average annual pollution con-
centration of Kaohsiung area could be compared with the
observed ground concentration of SOx from the foregoing
study of Kaohsiung littoral areas (refer to Fig. 6~1).
The areas which were damaged by SOx are Cheng Chen area,
littoral indo area, Kushen area and the pertroleum treatment
factory. The monitoring station in Taiwan Macnanery Manu-
facturing Corp. obtained the average SOx value of 0.15 PPM
in 1976.
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Table 6-1 The season and annual values of the ambient
. ,
diffusion parameter of Kaohsiung area •
.~(sec/ Spring Summer Autumn Winter AnnualH(m) m)
10 0.08851 0.08139 0.08627 0.07936 0.08388
20 0.06847 0.6255 0.06644 0.06059 0.06451
30 0.05769 0.05242 0.05559 0.04987 0.05389
40 0.04802 0.04344 0.04593 0.04115 0.04463
50 0 .. 04534 0.04075 0.04297 0.03857 0.04191
60 0.04125 0.03634 0.03801 0.03428 0.03747
70 0.04005 0.03534 0.03688 0.03322 0.03637
80 0.03636 0.03211 0.03325 0.03031 0.03301
90 0.03557 0.03141 0.0'3250 0.02957 0.03226
100 0.03400 0.02997 0.03087 0.02845 0.03082
110 0.03288 0.02908 0.02983 0.02774 0.02988
120 0.03163 0.02792 0.92849 0.02663 0.02867
130 0.03054 0.02718 0.02789 0.02589 0.02788
140 0.02998 0.02659 0.02734 0.02540 0.02733
150 0.02897 0.0263 0.02714 0.02517 0.02707
160 0.02886 0.02557 0.02628 0.02440 0.02628
170 0.02855 0.02532 0.02599 0.02420 0.02602
180 0.02828 0.02514 0.02580 0,02407 0.02:583
190 0.02688 0.02409 0.02470 0.02337 0.02476













Fig. 6-1 The isop1ech of annual average su1fation
(mgS03/ 100cm 2 Pb02/30 days) from Apr. 1976
to Mar. 1977.
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In figure 6-1 and figure 6-2. we can find that the concentra-
tions of toe mentioned area was over the national standard
(0.075 l)Pf"I).
As a result. we shall find the calculated average
annual value (using TCM model) was high corresponding to the
obser~ation value which we concerned. (30,31)
The following issue will try to establish air
quality control regions in Kaohsiung area. and from the
reasonable assumption. the stack dispersion coef. ( 1r ) of
different height of .stacks can be obtained for control u~e.
We devide the Kaohsiung area into 3 parts:(Fig.6-3)
(1) B1 section: slightly polluted area.
(2) B2 section: seriously polluted area. (medium)
(3) B3 section: the most seriously polluted area.
If we set Bl. B2,
tration of B1, B2, B3 area.
established as follows:
(A) Plan I.
B3 to be the background concen-
Plan I to plan III are
Let Bl ; 0.6C, B2 ; B3 = 0.9C,
get
then from Eq. (6-8)
](1 = 0.4 elK • 0.1 elK
(B) Plan 11,
Let 81 = O.le. 82 = B3 = 0.2 C-,
then from Eq. (6-8)
1'1 C/K, ~get = 0.9 K2 = 0.8 C/K
14~·~






Fig. 6-4 Annual average sax
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Figure 6-3 The control sector of air pollution in Kaohsiung area.
B2 sector in the bold area,
dotted area is the B3 sector, the rest is Bl sector.
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(C) Plan III,
Let Bl = 0.05 C, B2 = 0.08C, B3= 0.2C,
then from Eq. (6-8)
.-
get Kl = 0.95 C/K, K2 = 0.92 c/K, K3 = 0.8 c/K
here C is the annual quality standard of SOx.
If we set the quality standard to be the national
standard 0.05 PPM. Then Bl, B2, B3 can be determined as
shown in Table 6-2, we can control the SOx emission of the area
under different stack dispersion coef. by the simulation ~f
air quality model.
(A) Plan I, as showed in figure 6-4, will control the emission.
This means to reduce the emission by a large amount. The
reduced amount even reaches 86.2% average. 'Therefore, the
ground concentration level will be of low value. Even
the petroleum refinery is just about 0.01 PPM. It is
less than the 0.05 PPM of national ambient quality
standard.
(B) Figure 6-5 is the result from Plan II. Most parts of
the area met the national stan1ard. Only the 3 to 5 Km
area from the Petroleum factory was over the ~llowed
value. The average emission of stacks were reduced by
66.2%. According to stack height under 50m, were
reduced 66%, height from 50 to 100m reduced 64%, height
over 100m reduced 88%. If the sulfur in the heavy oil
can be reduced from 4% to 1.2 -' 1.5%, the area can' be
under the standard of flan II. But, since the height
of petroleum refinery's stacks are about 30 fi, the
pollution is rerious. We can improve the pollution, as
soon as we increase the height of the stacks.
(C) Plan III separated the Kaohsiung area into 2 parts, with






Table 6-2 SOx emission rate (Q) and Stack Dispersion Coef.( K ) of Kaohsiung area.
[~B 0.9C 0.6C 0.2C -------~~l~-----~r---~~O~~-----,--~.05C- - -- -
I hem) ~K(10-3) Q K(1O-3) Q ~(10-3) Q K(l0-3)~--_--Q~ ~~~_~~-}11_s_ K(l0-3;-----Q--.
10 .2005' 0.0281 1.1219 0.1122 2.24LlO 0.2244 2.5243 0.2524_~-~--~3J 0.2500_ 2.6645 0.2(X)4
20 .?ffJ4 0.1466 1.4655 0.5862 2.9312 1.1723 3.2972 1.3189 3.37aJ 1.3483. 3.4005 1.3922
~ .4300 0.39:£l 1.7553 1.5798 3.5m 3.1fill 3.9500 3.55~.03!~-t_-~.-~?-t 4.1689 3.7520
/iJ .53)2 0.8481 2.1223 3.3952 4.2405 6.7848 4.7705 7.6329 I 4.8765 ! 7.0025 5.0356 8.0569I-------t-----i---+----+----+---+-, . - .---·t I .•
:£l .':iJ47 I 1.4118 2.2588 5.6470 4.5176 11.2939 5.0023 12.7057 5.1952 : 12.<J381 : .5.3646 13.4116
--+---+-_._-+-- - ...~
ffi .6321 i 2.27'3) 2.5200 9.1034 5.0574 18.2067 5.6896 20.4826 5.81W i 20.9378-+-6.0057 21.62aJ
70 .6513 ' 3.1913 2.fJ.Y52 12.7653 5.2103 25.53)) 5.8616 28.7219 5.9919 29.3W2: 6.1873 ~.3176
-t--.-
00 •7175 ~ 4.'3)20 2.8700 18.3676 5.7399 36.7358 6.4574 41.3277 I 6.ffJE 42.2461 I 6.8162 43.6237
j t ;
. " T--- -----
IX> .7342' 5.9466 2.9366 23•.7864 5.9102 47.57?/J 6.ffi73 53.5196 6.7541 54.7007 I 6.9744 %.4927
-- f-----.- f-- .... ,
100 .7683 7.6875 3.07?/J ?/J.7m 6.14W 61.4598 6.9142 69.1423 7.aJ79 70.6787, 7.'833 72.9834
1-------+-----1I--~-+_---+-----+---+_--_+_--'--__+---l__--+_--~--- -- -- -
liO .7921 9.5848 3.1685 38.3392 6.3370 76.6786 7.1292 86.2634 7.2876 00.1002: 7.5252 91.05%
1------+-----11----+_---+-----+---+_--_+_--__+----..--·--· --'--- -.. - -
120 .8258 11.8914 3.3132 47.5656 .6.ffiS3 95.1314 7.4321 107.0228 7.'3)73 109.4009 7.84~ 112.9683
-- - ....__._----+------+----1
13) .841X> 14.3476 3.3959 57.YJ4 6.7917 114.7810 7.6407 129.1286 7.8105 131.9979 8.aJ52 1363J22
1--- ---.-. .. -- .
1/iJ .~28 16.9113, 3.4513 67.6451 6.9)26 135.z<X}4 7.7654 152.2017 7.9379 155.5840 8.1968 1ffi.6573
m .87li 19.5987 3.4842 78.3941 6.9684 1%.7896 7.8395 176.3883 8.0137 1oo.:rID 8.27~ 186.1876
I-------+----f-~-_r_--_+__--___t---+_--_+_--__t------- . -_.I . I
]ffl .8973 22.CX$! 3.ss<X) 91.8784 7.1781 183.7'3)2 8.aJ'3) 206.7291 8.2548 211.3231 8.5240 218.2141
I------+-----+---+----+-----+~-_· --------- -------- - ------
170 .~ 26.1~: 3.6m· 1~.7626 7.2500 2(9.5248 8.1%2 235.7154 8.3374 240.9535 8.<XA4 248.8107
.- --- --- -- - - - - - -- -- "-_ .. - ------ --~- ._- -
l.OO .9m 29.5815 ~ 3.6521 118.3259 7.DU 236.6520 8.2171 266.2335 8.3997 272 1498 8 6736 281.0242
11X> .9523 34.3768 3.00)1 137•.ems 7.6181 275.0144 . 8.57~ i3)).3912 8.7W3 316.2665 9.0465 326.5796 I
200 .9516 38.0J43, 3.~3 1152.2539 ! 7.6129 :D4.51W 8 •.5645 342.500.5 8.7548 350.1934 9.0403 361.6127J
6-3 The selection of total emission control coef.(K)
In this section, we shall discuss another concept
to select the control coefficient.
6-3-1 Theory of Computer Simulation
The purpose of setting or calculating the polluted
concentration of ground level is to understand the relation
between tota~ emission intensity and concentration levelj~)
We may obtain optimum strategy to satisfy the air quality
,standard only alter we are aware of the above relation. It
is easy to settle the emission standard according the
monitoring station observation value directly. We call it
a simple rollback model, moreover, we have the modifed
rollback model as follows
(1) Simple Rollback model (33)
If the concentration of an area about some long
half-life pollutants is equal to a background value
plus some other value which is in propotion to the
emission, then we can show with the following equation:
*C(r) = B + K (r)E (6.10)
C(r) is the concentratLon in spot r, r is the spot
located at (x,y,z), B is the background concentration,
K*(r) is the proportional factor.
E is emission intensity of pollutants.
The background concentration is the concentration
which does not change by emission.
Appiying Eq.(2.l0), we may obtain the permitted
emission intensity Ea as following.
Ea = (C-B)/k*
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where C is the national air quality standard, K* is
a parameter of weather, emission condition and loca-
tion, and will change with place, then Ea will be
determined by K*. So we should choose the Cmax for
K* . Then




We'd like to modify Eq. (6.12) for use in the next
few years with the following equation:
Ea = ( C-B )E/G(Cmax -B)
where G means the growth rate of emission after
several years.
Therefore, the reduction percenta~e of emission R is,
R% = 100 {I





= 100. GC max - C + B(l-G) (%)
GCmax-B+B(l-G) . 0 (6.13)
Since B(l-G) is very small as compared with other terms
in general. We may omit it~ Rewriting Eq. (6.13)
as
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R% = 100 (%)
(6.14)
It is called simple rollback model. The reduction
percentage can be gained by putting Cmax, B, C and G
into the equation.
(2) Modified Rollback Mode1(~)
If the long half-life pollutants have emission
E(r,t), then the concentration C(r,t) could be shown
as
C(r,t) = J: dt' Jdr'F(r,r';t,t')E(r',t')
+Jdr' [C(r ',t' )F(r,r' ;t,t')]t' (6.15)
where F(r,r';t,t') is the function of atmospheric
dispersion,
r is somewhere space location (x,y,z)
t is time,
suffix(l) means a position and emitted time of
source.
F(r,r';t,t') is decided by wind direction, wind
speed, stability and other boundry condition such as
land appearance and height of mixing layers.
E(r,t) should include all the emission sources, such
as large factories, domestic houses, small factories,
vehicles and aircrafts.
To control the environmental quality, the standard
should reach. the average C(r). The value of Eq. (6.15)
could be replaced by B if the time perio~ is quite
lDng. B has nothing to do with the control of emission
sources.
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Suppose the average of C(r,t) of time interval
T = t2~to tl is called C(r).
C(r) = + J.tz d t Jt dt' F (r , r ' ; t, t ' ) . E(r ' , t ') + B
t 1 0
(6.16)
Eq. (6.16) form can be simplified as (6.17) if we set
the manner unchanged in time T.
C(r) = Jdr' F(r,r')E(r'A) + B (6.17)
Eq.(6.l7) is analogous with eq. (6.10), which was modified
from Eq.(6.10). The concentration in a few years Cf(r) is
Cf(r) = Jdr' F~r,r') [l-R(r'») E(r')G(r') + B
(6.18)
R(r') is the reduction rate of emission.
As set~ing the emission standard, the environmental
quality standard concentration C should be large than
Cf(r).
Cf(r) < C, r.= (x,y,O) . (6.19)
From Eq.(6.l8), Eq.(6.l9) we can find the allowed
emission Eq(r) as
Ea(r) = [l-R{r)lE(r)G(r) (6.20)
If there are several sources, then Eq.(6.20) becomes
Ea(r) = ~ [l-Ri(r»)Ei(r)Gi(r) (6.21)
1
The· 99.3% fdr e~ission inventory of Kaohsiung area are
occ upied by those from point sources.
ISO
(6.22)
Epi is the point source. b(ri) is Delta function.
~pi is the emissiori amount in stable condition.
To set Eq.(6.22) into Eq. (6.18), Eq.(6.20) we have
Cf(r) = ~dr' F(r,r') [l-R(r')] ~ ~pi b(r'i)G(r')+B
t
= (6.23)
Ea = I [l-R(ri)] EpiG(ri)
. .
t
Eai" [l-R(ri)] EpiG(ri) (6.24)
Transfering Eq.(2.23), and Eq.(2.24) into vertical




He is the effective height of source.
. (35)Convert the spreading equ. into the GausSlan equ.
F ( X , Y , 0 ; xi' Yi ' He) =
2-
1 R2 He
exp [- 2---Z-]ex p [-z-2]
zr t1y qz u l1y qz
(6.27)
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ex p [ -2-az"""'T2---
(6.28)
if ,L<He + (jz <1.6L
exp[1F ( x , Y ,0; xi' Yi ' He) = /21C oy L N
(6.29)
if He + (jz > 1.6L
(6.30)
where
R = (Yi -y)SinO - (X:i. -x)CosO
o is the angle between wind and N-direction.
L is mixing layer height.
U is the wind speed.(m)
S is the d'istance from source to polluted area.
R is the lateral distance of wind.
is the diffusion standard deviat~on in lateral
direction.
is the dLffusion standard deviation in vertical
direction.
1:52
a,b,c and dare :onstants of diffusion standard
deviation (36)















from Eq.(6.3l) and Eq.(6.32) we know that Cmax~l/H~
. 1
- b,d
and Cmax ~ H~ and then if Eai=KiHe -d-
If consider that the max. conc~Rtration due to si_,le
source will happen in downwiad Qirection and use constant
K, the next Eq. are iained fro, !,.(6.32)
b+d
= KiexP[-(b+d)c J ]/r [__2_d ]~
4d (b+d)c 2
(6.34)
As Ki is fixed, no matter how decrease Eai or increase
He, the Cmax of Eq.(6.34) remain unchanged under Eq.(6.33).
But if Smax changes with H~/d , the position where max.
concentration will happen, is the function of He. But
for multi-source region, we consider where Cmax happened
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is not only the function of He, but also the concentra-




By converting Ki and He, we can find Cf(r) value with
computer, by using reasonably assumed Ki, He and Eq.




6-3-2 Collecting the Necessary Data for Computer Simulation
1 . Setting Monitoring Stations and Samplong Networks
There are 184 Pb02 stations in Kaohsiung 276 km 2 area.
(Fig. 6.7) They are located in the high density of 1
in km 2 Average 1.5 in 1 km 2 area.,
We sampled 9 times from the 11.5 months testing (from
Apr. 1976 to Mar. 1977). One of them was months long
and the other was 1.5 months. Figure 6.8 shows the
most polluted situation of Jan. Feb., 1977, Fig.6.l
shouws the annual average situation of 1976 to 1977.
The P b 0 2 method (Ref. B. S. 1747-Part 4 (1963),
ASTM D 2010 (1962) tested the SOx quantity which passed
through a cylinder and reacted with Pb02, and did not
represent the SOx amount of air.
So it should find the relation to convert sulfation
degree per months into S02 concentration in ppm.
The corre1atiori experiment was conducted within a 50 days
period by operating one automatic S02 analyzer together
with 21 lead peroxide candles circle around the air inlet
of the analyzer. One candle was taken to be analyzed
about every 2 or 3 days. The hourly average S02 conc.
displayed by automatic S02 analyzer was summed in the
same time period for each candle analyzed. These results
are shown on Table 6-3. It is obvious that the analyzer
was located in a highly polluted area. The data treatment
of finding the correlation relationship follows the
assumption that we can consider the data listed on
column 3 of Table 6-3 as the sulfation degree of a 30
days period and the data listed on column 4 as total
S02 hourly conc. summing over this 30 days. (~,~)
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Table 6-3 Comparison of Pb02 and test of electric conductivity
503 mg I 502 ppm 502 ppm I Wind Tempera- Mois-
speed ture ture
No. Days Total Ave. Total Ave. 503 mg/ m/sec °C %
daily daily Day
1 3.5 8.012 2.289 0.1554 0.0444 0.0194 1.04 25.7 78.25
2 5.5 13.72 2.494 0.245 0.0446 0.0179 0.919 26.03 77 .00 I
3 7.5 22.89 3.052 0.333 0.0445 0.0146 0.962 26.39 76.88
4 9.5 33.60 3.537 0.479 0.0504 0.0142 0.886 26.49 76.50
5 11.5 42.09 3.660 0.580 0.0504 0.0138 0.859 25.92 75.83
6 15.5 33.56 2.165 0.937 0.0604 0.0279 0.831 25.86 74.13
I7 17 .5 48.42 2.767 1.122 0.0641 0.0232 0.836 26.06 74.50
8 19.5 62.19 3.189 1.279 0.0656 0.0206 0.819 26.21 74.85
9 21.5 47.58 2.213 1.441 0.0670 0.0303 0.825 I 26.29 74.77
I
10 23.5 62.86 2.675 1.673 0.0712 0.0266 0.830 I 26.40 74.58
11 25.5 84.28 3.305 1.848 0.0725 0.0219 0.841 26.53 74.58
12 27.5 84.48 3.072 1.904 0.0692 0.0225 0.878 26.71 74.54
13 31.5 60.95 1.935 2.105 -D.0668 0.0345 0.897 27.00 74.47
14 33.5 62.86 1.877 2.204 0.0658 0.0351 0.884 27.11 74.41
15 35.5 93.97 - 2.647 2.231 . 0.0654 0.0247 0.938 27.18 74.25
16 39.5 78.01 1.975 2.590 0.0656 0.0332 0.914 27.18 75.15
17 41.5 114.54 2.760. 2.690 0.0648 0.0235 0.890 27.17 75.81
18 43.5 106.58 2.450 2.790 0.0641 0.0262 0.882 27.26 76.07
19 45.5 85.59 1.881 2.902 0.0638 0.0339 0.873 27 .28 76.33
20 47.'5 81.99 1.726 3.023 0.0636 0.0368 0.863 27.28 76.42









Fig. 6-7 The distribution map of monitoring network
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Fig. 6-8 The isopleth of monthly average sulfation
degree .(mg 503/100 cm 2 Pb02/30 days)
of Jan. Feb. 1977.
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2. Emission Inventory
0.357 million tons sulfur dioxide was emitted from this
ar~a in 1976. About 99.3% corne from the 252 point
sources (502 emission greater than 50 Tons per year).
74% of total amount released by the power plants.
The largest sources (68%) having six stacks greater than
70m in height was located in grid (07,04) of Figure 6-7.
This largest source plays the major role of pollution
in winter days when the prevail winds blowing toward
inland and the frontal of air mass passing freguently.
During the other seasons, serious pollution are caused
by smaller ~nd dense distributed sources. "Little amount
of total emission was contributed by commercial, traffic
and other combustion sources. In spite of this, the
whole area is divided into 135 area sources. Each area
source has square area with minimum 1 km,in side length.
The 502 was considered uniformly emitted from each are~
sorces. Figure 6-7 shows these grids with broad black
line.
3. Meteorological Data
We classified the meteorological data of one station by
the Turner (1961) method from Apr. 1976 to Mar. 1977.
The percentage of stability is shown in Table 6-4.
Under 8 observations each day, we have the distribution
diagram Fig. 6-9. Most of them were from north,
northwest, northeast. And most of them are in medium
D class of stability. Wind speed was between 1.8-3.5m/sec.
and modified speed was 3.33m/sec. We put the weather
conditions and D class stability and speed 3.33rn/sec
for computing the ground concentration of
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Table 6-4 Stability of each grade in Kaohsiung area
(Apr. 1976 to Mar. 1977)
.
Stability A B C D E F
,
: PERCENT (70) 0.59 9.39 12.67 t43.77 10.58 22.93
I . .
-
Table 6-5 Distributing percent of wind grade in
Kaohsiung area
Wine speed 0 1.7 1.8 3.5 3.6 5.7 5.8 Average(m/sec) - - -
Percent 24.82 36.71 25.1 13.37 3.33
(%)
l(i{J ...
pollution. After doing that for 16 directions, we found
the average value. Table 6-5 shows the distributing




















Fig. 6-9 Wind rose and stability class on
Kaohsiung from Apr. 1976 to Mar. 1977.
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The height of the mixing layer is another important
item. Because we didn't have the actual value. we set
th~ height of laver to be 500 m. The farthest boundary
of the Kaohsiung area is about 50 km away. the standard
deviation in vertical direction of diffusion is less
than the height. So the height we set does not quite
influence the calculation of ground concentration.(~)
In the next section the author will try to claculate
the annual average concentration of S02 in this littoral
area. The application of computer simulation model
after strict examination is thought the best ~mplementa­
tion to determine the total emission control coefficient.
IG2
6-3-3 Computer Simulation and Examination
Gaussian steady state diffusion model is used here.
The algorithm of calculating the ground S02 cone. cofitributed
by point sources and area sources is similinr that used by
(41) .RAM. When try1ng to get the annual nverage cone., two
kinds of algorithm have been tested:
(1) Seperate wind directions into sixteen parts.
Calculate the hourly S02 cone. distribution of each
wind direction using average emission rate of each
s·ource.,' annual average wind velocity and mixing height
and diffusion rate of D stability class. The results
of each wind direction were multiplied by the annual
probabilit~ of that wind direction. Then, summing
over the results of the sixteen wind direction the
anuual average cone. is obtained.
(2) Each wind direction is divided into six stability
classes further 96 sets of the distribution of 502
cone. are calculated using annual avt>rage emission
rate of each source, an~ual average wind velocity,
mixing height and diffusion rate of that stability
class. The annual average cone. is obtained by
summing over the 96 sets data after each data weighted
by annual joint probability.
16~
Diffusion rate in ruban areas recommended by N.E.
Bowne~6) and Plume rise by Briggs~6) are used here.
Wind velocity is corrected fro different stack heights.
The half life 0f S02 is assumed to be 30 minutes. (s,t)
Simulating results, by IBM 370 computer, are shown on
Figure 6-10 and Figure 6-11. Both have similar shape
when compared with Figure 6-1. But higher value in
high conc.· area and lower value in low conc. area can
be found in both ca lc ula ted re suI t s. Algorithm 2 give s
higher maximum value and wider high conc area since
stability F classes playa significant role in this
case. The major power plant which emits 68% of total
S02 emission from this area doesn't give the most
serious pollution of this area as can be seen from any
one of thoge three isop1eths map. The maximum value in
the southern area is lower than the other two maximum
in middle and northern area. (u,v)
Figure 6-12 and Figure 6-13 give the regression lines
,
of measured versus calculated annual average S02 conc.
For algorithm 1 Y _. 0.430 X + 0.011 with r= 0.78,
for algorithm 2 Y = 0.374 X + 0.011 with r = 0.73.
It seems that a1groi thm. 1 gives the results more like
the measured value. It is possible that a mor e·
elaborate model may catch more uncertainty in the input
data and finds no advantage. This conc., 0.011 ppm,
can be taken a~ the ground conc. of this area. It is
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Fig. 6-10 Annual average. S02 conc. (10- 3 ppm) simulated
by algorithm 1 16 wind direction, 3.3 m/sec










Fig •. 6-11 Annual average 50 2 cone. (10-
3 ppm) simulated
by algorithm 2 ~ 16 wind directions, 6
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Fig. 6-12 Regre~sion line of annual average SO~ cone.
"-
measured by lead candle network versus

























y = 0.374 X + 0.011
r = 0.73
1 2 3·4 5 6 7 8 9 10 11 12 13
X : 502 CONC. CALCULATED (10- 2ppm)
Fig. 6-13 Regression ~ine of" annual average 50 2 conc.
measured by lead candle network versus
calculated by algorithm 2.
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6-3-4 The Determination of Total Emission Control Coef.~K)
As the author has discussed in CHAP.4, the Gy
and Gz curves determined by Pasquill and Gifford were
derived from measurements taken in open, level to gently
rolling terrain of continent, and may not be the best
estimate of dispersion coefficients for littoral urban areas like
Kaohsiung or areas with rough terrain like Linkou in the
Taiwan island.
For the purpose of obtaining the general methodology
for the furtu%e to determine the total emission control
coef. around the island, the Kaohsiung area is undertaken as
a pilot study region. A number of uncertain parameters
such as G (Sigma) must be studied firts. These standard
deviation functions may be approximated by a power law
curve as follows:
bz




where: az, b z , ay and by are functions of downwind
distance x and atmospheric stability, as the author has
discussed with the data of tracer experiment before. Table




Table 6-6 Power law exponents and coef. for y
'-~~- ------_._-- - -
--
-
P-G Atmospheric Downwind Distance, Downwind Distance








A=l . 495 .873 .606 .851
B=2 .310 .897 .523 .840
Busse and C=3 .197 .908 .285 .867
Zimmerman DD=4 .122 .916 .193 .865
( e ) DN=5 .122 .916 .193 .865
E=6 .0934 .912 .141 .868
F=7 .0625 .911 .0800 .884
,
\'-- ._-- - - . .... _~- --
,I
A I 2.719 .722 i .081 1.027,
B 1.408 .750 1.164 .767
The author, C ! 1. 277 .732 .776 .772
1977 D i 1.257 .692 .683 .830
E 1.091 .668 : .516 .787
I
F .782 .671 I .217 .769
i I
I I
* I 1.0 .865The author, B ** I 1.0 .90 I
I 1982 * 1.0 .90 II C ,[
t
** 1.0 .90 I!







* : Internal Boundary Layer exis'c
** Internal Boundary Layer doesn't exist
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Table 6-7 Power law exponents and toef. for Uz
(a) B & Z(e)
P---G-~~mO~-;heric11"--Do-w-n-w-i-n-d-D-i-s-t--an-c-e-.~-Do-wn--w-i-nd-D-i-s't-a-n-c~~-~~-w~n~ind-Di~t-a-nc-e-
meters meters meters
Stability Class! 100 < x < 500 500<x ~ 5000 5000 < x
i az bz az bz az _ ~~ __











































"p-G Atmospheric Downwind Distance. Downwind Distance. Downwind Distance IImeters meters meters IStability Class. 100 < x <500 50Q<X <. 10000 10000 <x I
,
az bz az bz az bz
-----.
~ - -~ .-. .,--
A 0.0362 1.4517 0.0233 1.5229 0.0233 1.5229
B 0.1056 1.1386 0.0407 1.2922 0.407 1.29.22
C 0.0956 1.0829 0.0634 1.1490 0.0634 1.1490
D , 0.3278 0.8153 0.1792 0.9124 22.381 1.1383,
!
E 1.0285 0.5675 0.7044 0.6285 10.2981 0.3372
F I 2.1380 0.4081 1.4656 0.4689 6.875 0.3010.
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(c) The at;lthor, 1982
P-G Atmospheric Downwind Distance, meters,
Stability class x <10,000
z b Za







*: IBL exist **: 'IBL does not exist
In ~q.(6.30), we use a,b,c, and d as ay, by, az, and
bz in CHAP.4 and here. From Table 6-6 and Table 6-7, we
can see a, b~ c, d'change with stability and distance.
So it-is the same as (b+d)/d (refer to Table 6-8). We
find the the average (b+d)/d is about 1.9. So Q=(k) x
0.0008 H;·9 (6.38) can be obtained; where, Q is the
emission rate (g/sec), He: stack effective height (m), (K)~
constant. In calculation, we first set (K)=l to find the
emission value. Then we put the emission and weather
information _into find the polluting concentration of each
place.
The places are set at the edge of each right rectangular
·2·
area with an area of 1 Km. There are 398 places.
After finding out the concentration of each place, we
divided the concentration by 0.05 ppm, and get the result
as shown in Table 6-9.
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Table 6-8 The bad value in 10 km of grades of ~tabi1ity
Stability A B C D E F
<1 km. 1.5008 1.6540 1.6767 1.8229 2.1003 2.3739
>1 km. 1.4743 1.5803 1.6367 1.7587 2.0804 2.4289
Table 6-9 (K) value of Kaohsiungarea
~ Established Newly establishedA atternrea
Nantz (1) 3 (1) 3
Taser (1) 6 (1) 6
Chengchen, Tsoyin, (1) 9 (1) 7Tsnwoo
Hsiaokan,. Koshan (1) 16 (:I) 10
Other areas (2) 2 (2) 2
(1) Q = (K)xO.0007936H1 .9
e
(2) Q = (K)xO.0007936H;·37
Q : Allowed emission g/sec
He: Effective height of chimney, from Brigg's equ.
He: O~48Fl/3 (3.5X) 2/3
X = l4F 5/8 if F~55
X = 34F2/ 5 if F >55
.., 1 9 -4r = • x 10 xV (Ts-20)
V = ~ission volume
Ts = Emission temperature
If the Q value is larger than that of (2)
then use the~ value of (2)
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As Table 6-9 obtained from simulation, the number in
brackets indicates the equ. That should be used. We use(l)
as gathering sources. -Use(2) for independent source.
Figure 6-14 shows the relation between permitted emission
rate and stack effective height.
From the figure, we can see the importance of improved
emission method by changing stack heights over 40 m.
In Table 6-9, as (K) and raising stacks height over 40 m.
we know that Ta-Lin thermal power plant must reduce its
40% emission of SO , i.e. 96 thousand tons per year.
Southern thermal power plant's emission should be reduced
by 16 thousand tons/year (52%). That of petroleum refinery
was 6 thousand tons/year (14%). Total of the others was 24
thousand tons/year.
Under the restraint of Table 6-~ (K) value, there are 3
methods to improve the situation:
(1) Increase the stack height.
(2) Use low sulphur content fuel.
(3) Use desurfurization equipment.
For (1), if stack's height is increased to 40 m, there is


















If the Q value of (1) bigger than that of (2)
use Q ya1ue of (2).
I I ~ (f • I I I , , , _
10 20 30 40 SO 100 200 300 500 1000 He (m)
Fig. 6-144 He: effective height of stack
Relation between emission rate and stack effective height.
6-3-5 Conclusion
(1) The simulation models give fairly good correlation
with the results of lead candle network. This work
reveals that if a lead candle network can be
correlated well with the results of automatic S02
analyzer and a simulation model can be modified by
the results of lead candle network such that both
network and model can be used as effective information
of strategy de esion making of air pollution control.
(2) Simple rollback model's application
Our country restrained the average annual value of
S02 to be under 0.05 ppm. Daily average value is
0.1 ppm. And the hourly is 0.3 ppm. Thus we could
use ,the simple rollback model to find out the
reduction percentage. From Pb02 and conductivity
method, we can see the S02 concentration is 0.05 ppm
for 50 mg 503/30 days/lOa cm 2 Pb02. In Fig. 6-1.
we find the high concentration areas are located in
(2, 16), (5, 11), (6, 23), (10, 3) and (14, 1)
with 28, 86, 58, 65 and 41 ppm, respectively. Its
background concentration B is 5 mg S03 or 0.0025 ppm.
50 2 • Despite the growth factor, the reduction ratio
should lie as follows:













0% (The average value of the year is
lower than the environmental
qual{ty standard, but the value
of Jan. & Feb. should not take
into).
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(3) Modified rollback model's application
The concentration distribution in figure 6-15 is
analogous with the value of figure 6-1.
For low concentration part; figur 6-15 is lower
than Fig. 6-1. Possibly for (1) the error assumption
for half-life (assume 30 min. in this article) (2)
despite the area sources (0.7% of the area) (3)
despite of background concent~ation. So, we must
give further study for a better answer.
Figure 6-16 was obtained from equ. (6-38) wit~ (K)=l.
To find a reduction emission, we can find out the
downwind distance from Eq. (6-31) first, then make a
circle in figure 6-16 with the above distance as the
radius. The smallest (K) in the circel will be taken
as the value to set into Eq. (6-36) for reduction
percentage Figure 6-18 was obtained from equ. (6-38)
as (K) = 1 and height of stack under 40 m. Figure
6-17 is the (K) distribution of Figure 6-16. From
Figure 6-17, 6-19, we can see that the ground
concentration standard can be reached by increasing
the height to increase the dispersion ability.
Figure 6-20 showed the change of (K) value of 4
different places under different heights. From this,
one can see the relation between Q and (K). (K)
decreased and Q decreased, also Q increased as H
increased. Their reration still should be researched
to find the best situation. The cost of increasip.g
height and the reduction cost shall be studied care-
fully. If we consider the background concentration,
growth factor etc. we shall obtain a more rational (K)
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simulation result of annual 502 concentration
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can meet eNS too.
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(2C) 40 a 120 16C
unlimited Limited stack height (~)
Limited stack height (m)
NOTE: * value means emitted volume (g/sec)
for example 4.3"this number indicates at
20m stack height, (K) = 18, emitted volume = 4.3 g/sec.
Fig. 6-20 The change of allowed (K) value of 4 different








SYMBOLS USED IN CHAP. 6
emission rate of stack's pollutants
stack effective height
stack dispersion coefficient
the maximum concentration of the ground level
the a~bient diffusion constant
the total average K






Uy the diffusion standard deviation in lateral direction
az the diffusion standard deviation in vertical direction
uy* uy/He at Cmax
*Oz oz/He at Cmax
C national air quality standard
B environmental background concentration
o 1-16, as the 16 directions of wind
1 1-6, as wind speed, for 6 grades
m 1-6, as stability class, for 6 grades
K~ 1 m: the ambient diffusion consta~t setYJ, ,
f(~,l,m): the combined frequency function
Bl, B2, B3: background concentration of region 1, 2 and 3
....... .......
Kl, K2, K3: stack dispersion coefficient of region 1, 2 and 3
C(r) the concentration at spot r
r the spot located at (x, y, z )
K*(r): the proportional factor at sport r
E the emission amount of pollutants
Ea permitted emission amount of pollutants
K* a parameter of weather, emission condition and location
G : the growth rate of emission after se.eral years
R% the reduction percentage of emission
t time
C(r,t): the concentration at r, t
F(r,r'; t,t'): the function of atmospheric dispersion
E(r,t): the emission volume at r,t
t84
C(r):C(r,t) time average from tl to t2
Cf(r): the concentration after a few years
Ep : the emission amount from a point source P
(K) : the total emission contrcl coef.
i : constant l-n
(ri): Delta function
Epi the emission amount in stable condition
() the angle between wind and N-direction
L mixing layer height
U wind speed
S distance from source to polluted area
R the lateral distance of wind
a,b,c,d : constant of diffusion standard deviation
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CHAPTER 7 CONCLUSION FOR THE STRATEGY OF AIR POLLUTION CONTROL
The control strategies for air pollution may be summarized
in the following categories:
(1) Density control (exhausting criterion)
(2) Uniform reducing approach for exhausting volume
(3) Distributing approach of varied tolerable exhausting volume
(4) Approach based on linear programing
(5) Controlling model of K value
(6) Density controlling model for the largest key base
(7) Control on Aggregate volume
(8) Controlling model for fuel replacement and distribution
(9) Approach of taxing imposed on pollution
According to these measures applied in advanced countries,
in terms of developing tendency, the above-mentioned approaches,
or gradual adoption step by step, or several programs combined
thereby, may assist one another. T~e controlling target cannot
be reached until environmental technology is over~ome and
administrative function is achieved. The approaches involved in
this study comprise(5), (7) & (8).
7-1 Formulation of Total Emission Controlling System
Assume that the current exhausting volume of pollution
\\ 'I
substance totals "a" tons per day and A tohs per year, and the
• \ I) 1\ ')
envlronmenta1 tolerable vo1ume'b tons per' day and B tons per
year, in case of a > b or A>B, each unqualified exhausting
source should be reduced to reasonable exhausting volume
according to the following concept. Thus, it can render the air
quality within the controlled area capable to cope with national
standard.
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(1) To distribute the responsibility of reduction on various
enterprises and workshops in proportion of their ~roduction
capacity or fuel consumption volume;
(2) To replace the raw material for production with substance
of low pollution and to seek change in manufacturing
process and outputs;
(3) To apply fuel of low pollution. For instance, use those with
low sulfur and less heavy oil to reduce the exhausting
total volume of sulfur dioxide;
(4) To encourage enterprises toward the installation of
developed excellent equipment of low public harm and t3
foster public harm controlling technique positively;
(5) To utilize the integration of developed atmospheric
computerized data, mathematical and physical technology
for the calculation of reducing pollution volume so as
to reach the continued control right away.
As its theoretical concept has beeen offered at
section 6-2 and section 6-3 of Chapter 6, it is summarized
herein.
Based on the conclusion in Chapter 6, in order to reach
the target at 1st stage as to the tolerable S02 exhausting volume
(268,000 tons/year), the reduction ratio should be 27% basedown
the assumed exha~sting volume in 1976 of 357,000 tons/year.
However, since the target year is 1981, it is predicted that
at that time the exhausting volume of oxide sulfur will be
405,000 tons/year; thus, the reduction volume should be 137,000
tons/year, i.e., reducing ratio 34%. Table 7-1 represents the
necessary reduction of tolerable exhausting volume in key
exhausting sources at. the 1st stage target.
18~
Table 7-1 Necessary Reducing Volume of Sulfur Oxides from
~ey Exhausting Sources
Predicted Total Exhausting Volume in 1981 405,000 tons/year
Reduction of Talin Thermo-electricity plant 96,000 tons/year (23.7%)
Reduction of South Taiwan Thermo-e1ectricty 11,000 tons/year (2.7%)
Plant
Reduction of Chinese Petroleum Corporation 6,000 tons/year ( 1.5%)
Reduction of K Value Limit 24,000 tons/year (5.9%)
Total Reduction 137,000 tons/year (33.8%)
Tolerable Exhausting Volume 268,000 tons/year (66.2%)
In Table 7-1 it is indicated respectively relating to the estimation on
229 main chimneys in Kaohsiung area. The executive process of its
control measures is as in Fig. 7-1.
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7-2 Technical System of Total Emission Control
In general, the air pol~ution control measures
adopted by advanced countries based on the kinds of exhausting
sources may be divided into two categories as follows:
The first one is the measure for fixed exhausting
sources. It comprises 1) To replace fuel (or raw material);
2) to improve burning method (or manufacturing, disposing and
storing method); 3) to install or improve controlling equip-
ment; 4) to shrink enterprise and production scale; 5) to
alter enterprise operating approach so as to reduce exhausting
volume, such as (a' raising the effective height of chimney,
(b) changing the po~ition of exhausting source, (c) installing
control buffer zone to facilitate dispersion. On the other
hand, it may establish regional pollution supervision and
environmental management of order transmission according to
systematic engineering principle as indicated in Fig. 7-2.
The second one is the measure for remova~ of
exhausting sources. It comprises 1) to improve combustion
engine and its accessory device; 2) to adopt combustion
engine of" new type; 3) to gUide the usage of small cars with
low public harm; 4) to reduce the polluting coefficient
caused by vehicles through traffic signals, -hourly speed limit,
three dimentional intersection and the desire to control trans-
port. On the other hand, it may be accompanied by (a) changing
LDe rush hour of vehicles in urban area~ such as the different
office time regulated. (b) changing current routes of
vehicles, such as the freeway constructed circling the city,
(c) raising the loading ratio of vehicles so as to improve
transport situation, or in accordance with guiding public
transit system, (above all, tramcar), physical restraint,
such as stre.ngthening traffic rules, economic restraint,
such as taxation on public harm, changing the way of life,
changir.g urban structure, and restraining tr~ffic volume.
The technical system suggested in this study as s~;own in Fig.7-3.
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APPENDIX C - 1 The wind field of Kaohsiung area































































































































APPENDIX C - 2 The wind field of Kaohsiung area
(Run 1 - Run 24, 330 - 660rri)
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APPENDIX C - 3 The wind field of Kaohsiung area





































































































































































APPENDIX E (!1 - 24 ) The SF6 tracer con..:entration got from experiment
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APPt:.I'IIuiX G Texas dimatological model
Refe)-:~:~::.::~: PCJi:'~!'", F.. ;~.. 2.~d Christiunsen, J. H.. "1'.... 0 t.ffic~ent Ga\Jss~an
Flume tA,G::~:S L!''':'lcioped at the Texas Air COlitrol ~G(r":."
P "~-O"'a~!'i"~ ,.,., "11° 7t" r'ATO/C""F Tn 4 ""r1at' :O~." Tc.r"'n,' cal M:'>"'~11'nnnI v,-_._ '_ ..2..~-:'_~~---::.:.-..,: If" l,./ • .J .. _~:•. ,. !-.~~_...~.:.~~~.__~~.~~
On' ., l' r c,) 1 1 lJ ~ 1 - n .~od . 1 " n" ., " r ~ i '" 'I r,' 'S n \1 " c: e r .. -. '1-" (' r 19 '/6_~_.:-;'~~~-=. .... f 't: , 'I, t"l r "'- r ........ (_, c.,...) rl ...._1 ,~.;, •
:~~s'tr::c: : :~,::: TeM is l: clin~:ltalogical r.1odel that predicts lcng-ter:n
aritnmeti: ~e~n concentrations of nonreactive pollutant:




are handled by an algorithm proposed by Gifford
The concentration due to area sour:es is '
)' = FD/'~
'A '
\'ihere XA = conc2ntration (ug/ m3 )
Q = areil source emission rate in t:1e vicinity of
the :--eceptor (~g/s-m2) ,
U = mean ground-level wind speed (m/s)
.
F = a dim(;?fis ion1ess constant
Giffor~ and Hanna have suggested a value of F ~ 50 for 502
and 225 for total suspended particulate (TS?). Tha ar~a
Q::lission rate. Q. is dctcn;Jint1d by ave::rnging tb~ ~missions
in the area scu~c~ sqUJre containing the receptor and in
the neighboring ~quarcs. Tne extent of the region around









The TG\ liS2:, steady-st.1t~ Gaussiul1 p1\.;[,le point SCljr~e lOS;c t \,dth
the eros 5''-;1 ;:d dis tri but·; 0:"1 a'1~rag8{j acrQS s 22.:3 0 a: i T,ltl't:la 1
sectcrs. The only meteorological input required for Jrea source
calculations is the fTi2an wind sDe(~d, but the ::'Jint ~our::e calcu··
1~ticn5 rsacire a meteDrologi~a~ joint frequency function with
s-:xteen 22.5° wind sectors, six winC:2P-~ed~~e$ (0-3, ·~-6J 7:1Q,
li-16, 1..7:-2·!, ~:1d ~~k~ot.s), lind six stability classes
(TUrner cla~ses At at C, 0 (day), 0 (night), llnd E plus F).
~fhe bJsic equation is:
x = Q., (K(x,H,m)Q(k,m)/U }·(decuy tcr.n)
. m
\'Jhcre K(x,H,m) :: (32XJ06/[(2-;r)3/2S'tcr~J) exp (-H~/2u 2)
L 1 z
(K is pr~calculated for 20 distances, 9 effective source
heights, and six stability classes) .
Um.i~ a wind,spe~d characteristic of an entire st~bi'ity class,ancJ 15 computed 1n the model by the equation:
with X - concentration, ug/m3
k = the wind sector index appropr'iate to source; at the
r..::r.eptor
t = wind speed cluss index
m 'r. stubility clilSs index
¢ J.": 1r.2 tnorol 09; ca1 j 0; nt frequency funct; on
Q. ::.: emission rate ot 50UJ'ce i I 9/S
1
H. = ef'i~ective height of source i , m1
r1 .. ~. $t~ndai"'d devi~tiof1 of v,':';i"'l:ica1 Gcuss;Jn concentration
~ distribution, m
T1/ 2 = half-life for first-ordEr pollutand decay, S
Ut = cf:ntral wind speed of class t. m/s
x =downwind distance, nl
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~,':)i ~r.]ry lo:2.tioil for each point source
tl :- ;'~:i t~d nurn:>~r of sources
.c\:.~~~ ::'2.;j loc.:Jtio!l <J1d squure grin n'~~:r TOr' ea:h ar22 scurce
'T;1~ 1;:Jdel ~'/il1 a110cJte llrea sources into J uniionll 5.:;:.:~~e 9rid
i.:2:;;;::I~or le'cation ;s arbitrary grid (max. 50 x 50)
~~:~~5e heights for ~oint sources
Th: al:ea source algori:hm (Gifford-Hanna) does not consider height
of ielease
Re:2~~ors are at ground level
No t0rrain difference' between sources and receptors
b. E!nission Rate
Ali souri.es have a single average emission rate for the llveraging
~~~e p2riod (i.e.) month. season, year)
c. Chc~~ic31 Ccmoositicn
0..2. thO, or three inert pollutants are. treat20 ~io.ultaneou$ly
d. ..,. .r:i:naV10r
?lU7.2 rise calculated according to 8ri99s9 ncutra1/tlnstable equation
f.f"i'::;ctive stack heigr.:s less than 10 meters <lre l:oilsidered 10 meters
Effective stack heights greater than 300 meters are considered 300
rr.i!t~rs
Ho plu~e rise for area sources
Do~n-wJsh and fumigation not considered
e. ~orizon:al Wind Field
Cli=~~ologital approach
15 ~ir.d directions
t'{ean ;/ind sp2cd calculated Tor each stability class from the joint
'ft~ql:CJ1CY funct;c.:n of stability, wind di"rection, and ytind speed
~Jind speed corracted for physical stack height (same as COM)
t. 'f;-;rtical ~!ind Soeed
1'\$St::r.~d equai to zero.
g. 1i9_r_i_:::>ntrJ...;.l-.;.;..D_is~·u;;...;-e;;-.r....;;s....;,i...;;,o__n
A.s\~jed to be uniform within e~~h 22.5 degree sector (same as COM)
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h, V,~j~ica i Di sc~: ':;i on
Gauss i iln pli.;~:~
6 s.tubility cl~'$ses (Pasqui11-Giffol'd-Turner) ft.. B. C, D-Day,
D-~light. E ~nd F
No provision ~or variation in surface roughness
I. C~emistry!RrJ~tionMechanism
. . - -,~---.....;..--
Exponential decay according to user input half-life (same as COM)
j. Plw5;cnl R~mov:l'.. _'_"_L__
Same uS ; above
BJcl::grOl..Jnd il1ay b~ ~ntered by calibration coefficient for each
pollutant
1. Boundary Condit.ions
PC!rfact ref'lection assumed at ground
Mixing height not considered
lil. Emission and I,lcteorological Correlation
Emissions nat varied
n. Valid3tion/Correlation
Model is solf-calibrating with input of field receptor observations
High correl~tion achieved for areas dominatsd by point sources
Poorer correlations have been shown where area sources are dominant
o. Output
Arithmetic ..f.can concentration tOl" the averaging time of the clima-
tological input and emission data-Cone mon'tll to one year)
Any combination of the following outputs are available:
(1) List"ing of concentl"ati!,n for an arb"ltrarily spaced square grid
of up to 50 by 50 ele~~nts .
(2) A print plot of the grid cOl1cantrations
(3) Punc!icd card output for isopleth maping (same as CDH)
(4) A listing 0" the five high contributors to the concentration




I.~;. '-~'.") .J ~:: ::.:~C:lJ"~ r·:.11::"I,r;-:.~~
.._--_.- _-
Di?'~::1 co~pu~er ~c~uired
c~~~ r~q~ire~2~ts ~re moderate
~ ~:",'i ·_~·.:icns
Fla: ~crrain. rc12t~vely constant emissions
J~.': no~ reCO:T.":l=nced ~.here area sources dominate
THE TRACE CONCENTHA1'l0N Of EX!'. NO.
WO DI R= 29 WO 51'= 4.6 MIS 51' CLASS= )




THE TRACE CONCENTRATION OF EXP. NO. 2
WO OIR- 28 WO SP- 3.4 MIS ST CLASS- 2






















































MIX HT= 250. M
WD OIR= 29 WD SP= 3.6 MIS ST CLASS= 2 MIX HT= 710.M
THE EffECTIVE ~T.HT.= 100.M
THE TRACE CONCENTRATION OF EXP. NO. 4
WI) 01:R- 29 WO SP- 3.6 MIS ST CLASS= 3
THE EFFECTIVE ST. HT.- 100. M
UNIT =PPT









THE TRACE CONCENTRATION OF EXP. NO. 5
we OIR= 28 we SP= J.6 MIS ST CLASS= J





THE TRACE coNCENTRATION OF EXP. NO. 6
we OIR- 20 we SP- 2.8 MIS ST CLASS- 3





THE TRACE CONCENTRATION OF EXP. NO. 7 UNIT =PPT
WD DIRa 19 WD Spa 2.S MIS ST CLASS= 3 MIX HT= 200. H
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10
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, i) II _~ ..... __....
UNIT ..PPT
MIX HTa SOO. M
THE TRACE CONCENTRATION OF EXP. NO. 8










THE TRACE CONCENTRATION OF EXP. NO. 9
liD OIR- 26 liD SP- 2.7 MIS ST CLASS-







MIX HT- 600. M
mE TRACE CONCf.'kTRATIOH OF EXP 0 NO. 10
liDOIR- 23 WD SPa 3.3 HiS ST CLASS- 3










TilE TRACE CONCENTRATION OF EXP. NO. 11
WD DIR= 24. WD SP- 2.6 MiS ST CLASS- 3





MIX HT- 200. M
THE TRACE CONCENTRATION OF EXP. NO. 12
WI) DIR- 24 WI) Sp. 4.1 MIS ST CLASS- 3







THE TRACE CONCENTRATION OF EXP. NO. 13
we OIR= 18 we Spa 3.3 MIS ST CLASS- 2
THE EFFECTIVE ST.HT.= 100."
I
l '\ H , I. ,
10
UNIT -PPT
MIX HT- 700. M
10 20
'l'lfE TRACE CONcENTRATION OF EXP. NO. 14
WI) DIR- 21 WI) sp. 3.0 MIs ST CLASS- 2
'I'IfE EFFECTIVE ST. HT.- 487. M




3 MIX HT= 800.1'1
TIlE .TRACE CONCENTRATION OF EXP. NO. 16
WI> DIR- 28 WI> SP- 3.9 MIS ST CLASS- 3
THE EFFECTIV~ ST. HT •- 372. M
UNIT =PPT
MIX HT.. 650. M
THE TRACE CONCENTRATION OF EXP. NO.
Wl> DIR= 28 WI> SP- 4.6 MIS ST CLASS=






















'J'IfE TRACE C<lMC£NTRATION OF. EXP. NO.
WI) DIRao 28 WI) Spa 1.4 HIS ST ClASS.
THB J:Fl'BC1'IVE ST.HT•• lOO.H
18 UNIT -PPT
3 HIX HT- 350. H
THE TRACE CONCENTRATION OF EXP. NO. 17
we OIR- 28 we SP- 3.9 MIS ST ClASS= 3















ro' \ "- ./~~ J,' ""-1200
c.o
CJ1
I '\.~ r{ , I
100
J MIX HTa 610.M
MIX HT- SSO.MTHE TRACE CONCENTRATION OF EXP. NO.
we OIR- . 27 WD SP- 4.8 MIS ST CLASS-
THE EFFECTIVE ST. NT •- ioo.M
20 UNIT
-PPT
THE TRACE CONCENTRATION OF EXP. NO.
we OIR- 27 ~ SP- 3.1 MIS ST CLASS-





















WI) DIR- 29 WI) SP. 3.0 MIS ST CLASS- 1 MIX HT- 800. M






THE TRACE CONCENTRATION OF EXP. NO. 21
/
WD OIR- 27 WD SP= 4.6 MiS ST CLASS= 3 MIX HT= 620.H





.PPTUNITTIlE TRACE CONCENTRATION OF EXP. NO. 22




THE TRACE CONCENTRATIQN OF !i:XP. NO. 24
WI) DIR- 31, WI) SP- 8.4 MiS ST CIASS- 3
THE EFFECTIVE ST.IIT.- 245.M
UNIT apPT
MIX HT- 400. M
THE TRACE CONCENTRATION OF EXP. NO. 23
WD DIRa 31 WD SP- 6.0 MiS ST 'tIAS.Sa 3










APPENDIX I GAUSSIAN- Plume multiple source air quality al~or;·[1-1;Yj;~ RAM)
Abs :ract:
Eouations:
Tur'ner. D, 8 .• ar;d J. H. Novak. "User 's Gui de for R;,'l., II
cn\'i!·oni.len~al Protec:ion Agency, Research Triangle P2~'k·. north
CarGlina 27711, ~S73.
~~M is a 5tea~y state G~ussian plume model for esti~a~i~g
concen~r3tior:s of re1atively.stablc_po.1lutan~s\for averaging
times from an hour lJ ~-aay from point and area sources.
Lev21 or gently,ro1iing terrain is assumed. Calculations are
perform~d for each hour. Both rural and urban versions are
avaiiable.
Th-e a~~Qa source ccr.":.ributions are de~cnnined using the narrow-
p1ulile. h)';Joth~si$ similar to appli.cations by Gifford and Hanna 7
Contribution. Contribution from a singie upwi~d arr.a source
= 3-
x2
xA f i dxu
xl
integrai evaluated numerically
x, , x2 '" poi nts of intersection of ray from receptorI through areii in quest; onsource
q = emission rate per un; t area of ·th'e area source (g/s~m2)
iJ = mean wind s-peed (m/s)
For stable conditions:
For neutral or unstable conditions, Cz ~ \.6L: . f a
X = Q 9 9
'point 2~u 0y ~z 1 3
29'9





=- 1Y'2" .. I cr
"..... y
1 n which [ 1 v 2]9, = exp - 2" (;;;)
92 = exp r. 1 (E.:li) 2] + exp ~ 1 (Z+H) 2]L 2 "z . 2 qz
a. SG~rce-P.ec~ntDr Re1Jtionshio
._----_. !
Arbitrary , ocati'on for poi nt sources
Rcc~ptor$ may be
(1) arbitrarily located
(2) i~t0rnal'y located near individual source maxima
(3) on a program-generated hexa~onal grid to give good covcr~g:
to a 1lSet4 -5pecified portion of the region of interest
R~ceptur5 ali at sa~e height above (or at) ground
Fi;;.t tarrain assu::.cd
Unique stack height for each point source
l;~;;:;r may specify (:p to three effective release heights for art'a
sources, each assumed appropriate for a 5 m/sec wind speed.
Value used for any given area sourci must be ~ne of these three
Unique separation fer each source-receptor pair .
U~ique, cnnsta~t emission rate for each point, area sourc!
An::! source treiltli.c:nt-
Na~row plume ap~roxirnation
t,i~e~ scurc~ used as input; not subdivided into uniform clcr:::!nts
1~.rJit)·ary er.ri ssi on he; ghts input by ust:?r
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A~cas nust be squ~ros; side lengths = integer ~ultiples of a
.. ....
:J::'Sli: un-;,
Effec:ive e~ission heigh~ = that appropriate ~or S rnls win~
Area source ccn~ributions obtained by numcri:al integr~ti':n alcng
upwind distallC2 of narrow-plu~e approxi~a~ion formulae fer contri-
butinn frc~ ar2a source with given effective re1ease hei~ht
c. Ch~mica' ComD8sition
Treats a single inert pollutant
d. Pl~~e Behavior
Bdlj9S e '9,1C; p'uri~:~ rise formulas
Docs no: tr2~: ;~~igations or downwa5h
If plume h~isht cx:e~ds mixing height, ground level concentr~tion
is assu'med zer'J
e. fhrizontal Wind ricld
U:cs user-supplied hourly wind speeds
Uses user-suppliEd hourly wind directions (nearest 10°), internally
n:odified by addit-jon of a ro.ndom integer value between _~o and +5~
\-lind speeds cOl'"i"'ec:t!:c for release height based on pc'....er law varia-
tion, different exponents for different stability cla~ses,
reference height = 10 meters
CC'n~tant, uniforrr: (stead.)'-state)" wind assurr.ed \'tithin each hour
f. Vertical Wind SDe~d




Hourly stabil ity c'l ass deterrni ned i nt'ern~llly by Turner2 proc:edul'e,
six classes used
Dispersion coefficients from ~~cElroy and Poolers' (urban) Ol~ Turn~ro
(rural), No fw"ti)er adjuS't:ricnts mad~ fer variations in s~lrface
roughness or transport tima
h. Vertical Disnersion
5Jr::i-sfl1pirical/Gilu::siari plume
tlolrr-ly stability c'i~$s d.etermined ;n'tr:t'nt:lly
Dispersion coefficients from t1cElroy ar:c Pooler3 (urbaii) cr
Turner 5 (l·ural). No further adjustnents made for Vnriaticns
in surface roughness
;. fhE':mistrv/React;c~·l..echanism
Exponential decay, u~er-input half-life
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j. Physical Removal




LO"ti2r boundary~ p~r-rect reflection
Uppr,>r boundary: Ret'feet refl ccti on
Neutral and unstable conditions
i·~ultiple reflections numerically accounted for by sUi:mation of series
until DZ = 1.6 times mixing heightUrdfonn mixing ~s5umed in vertical thereafter
St3.b1e cendi ti cn~ ~ . there is no upper boundary
~lix;ng height for a given hour is obtained by suitable interpolation
using data from soundings taken twice a day
Inte'tpalation technique dependent on rnude ';)f operl1tion (urban or rural)
and calculated stability class for the hour in question as well as the
st~b;lity class for the hour just preceding sunrise
m. Emi!sion ~nd MetE~-olo9ical Corr~lation
User supplies hourly values of wind speed, ~/ind direction, mixing height
and other meteoi"alogical variables required for determination of
stability class and plume rise
n. Validation/Calibration
No calibl,'ation option provided
Limited experienca with validation or comparison ...ti\.th observed data
o. Outnut
Hcur1y and average (up to 24 hours) concentrations at each receptor.
Limited individual source contribution list
~ Cumulative frequency distribution based on 24-hour averages and up to







Flat or gently rolling terrain
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